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Abstract 
The genus Croton consists of an important group of trees, with several of its species being 
commercially exploited either as medicines, biofuels or for the cosmetics industry.  Plaunotol, 
an anti-peptic ulcer drug marketed as Kelnac® is isolated from the leaves of Croton 
stellatopilosus, Sangre De Drago from Croton lechleri is commercially available for the 
treatment of wounds and diarrhoea, and Croton megalocarpus seed oil is commercially 
available as a biofuel and for cosmetic uses.  Several species of the Croton genus have been 
reported as being used ethnomedicinally to treat hypertension, rheumatism, inflammation, 
bleeding gums, malaria, diarrhoea, syphilitic ulcers, asthma, pain and diabetes.  The genus 
Croton is one of the largest genera of the Euphorbiaceae sensu stricto, and consists of over 
1300 species of shrubs and trees that are distributed in the warm tropics and sub-tropics.  In 
Africa, there are more than 292 Croton species where 124 are reported to occur in continental 
Africa, 156 in Madagascar and 12 in the Indian Ocean islands of Reunion, Comoros, Mauritius 
and Sao Tome and Principe.   
This study focussed on the chemistry and pharmacological activity of three Central and East 
African Croton species, Croton mubango Mull. Arg. and Croton haumanianus J. Leonard from 
the Democratic Republic of Congo and Croton dictyophlebodes Radcl.-Sm from Tanzania.  
These species are traditionally used in the treatment of a variety of diseases.  A total of seventy-
five compounds were isolated from these species, including sixty diterpenoids, three 
triterpenoids, three sesquiterpenoids, three phytosterols, two phenolic compounds, one ferulic 
acid derivative, linoleic acid and two chlorophyll derivatives.  The chemical structures of the 
isolated compounds were determined using NMR spectroscopy, mass spectrometry, and 
infrared and specific rotation experiments.  DP4+ calculations were used to determine the 
absolute configuration of compound CM-6 whereas TDDFT-ECD simulation experiments 
were used to determine absolute configurations for compounds CM-1, CM-2, CM-5, CM-17, 
CH-19 and CH-21.  Thirty-eight diterpenoids are described in this study for the first time, 
including eleven ent-abietane and one ent-pimarane diterpenoids from C. mubango, nine ent-
kauranes, three ent-clerodanes and five ent-isopimaranes from C. haumanianus, and eight ent-
clerodanes and one ent-trachylobane from C. dictyophlebodes.  Thirty diterpenoids were 
submitted to the Development Therapeutics Program (DTP) of the National Cancer Institute 
(NCI) in the United States of America for the NCI 60 anticancer cell line screening programme.  
Compounds CM-17, CH-11, CH-12, CH-13 and CH-15 showed selective antiproliferative 
effects against three of the NCI 60 cancer cell lines.  Compounds CH-11, CH-12, CH-13 and 
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CH-15 were found to show 100% lethality against colon (HCT-116), melanoma (M14) and 
renal (786-0) cancer cell lines whereas CM-17 gave 99%, 89% and 82% cell lethality against 
melanoma (MALME-3M), renal (UO-31) and ovarian cancer (IGROV1) cell lines respectively 
at a concentration of 10-5 M. 
 
Figure 1: Structures of selected compounds from these Croton species. 
 
 
1 
 
CHAPTER 1 INTRODUCTION 
1.1. Background information 
Since time immemorial man has depended on plants, either fresh or dried, for medicaments.1 
More than 248,000 species of higher plants have been recognised and from these, about 12,000 
plants are known to have medicinal properties.  However, less than 10% of all known plants 
have been investigated from a phytochemical or pharmacological point of view.1  Nevertheless, 
from this small percentage, a large number of therapeutically vital compounds have been 
isolated, such as alkaloids (the fever-reducing quinine from the Peruvian tree, the 
antispasmodic papaverine from Papaver somniferum and the narcotic morphine from the poppy 
capsule), various heart stimulating glycosides that are produced from Digitalis species are 
applied widely in the treatment of heart disease, plant steroids which constituted the basis of 
modern contraceptives, plant vitamins and flavonoids, and a wide range of antibiotics.2  
Although synthetic aspirin has been available for more than 100 years, the effective agent 
originated from willow bark.3  It appears that over 90% of the world’s population use medicinal 
plants for curing, and about 80% have no access to synthetic drugs.3  Although this is 
unfortunate for the developing countries in Africa, Asia and South-America, this data shows 
that in many parts of the world, drugs from plants are of considerable therapeutic importance, 
a fact not always appreciated in developed countries.4 
The importance of medicinal plant research on compounds of natural origin is acknowledged 
by the pharmaceutical company Bayer AG Pharma Research, known mostly for its synthetic 
medicines.  When giving a summary of its 1999 data it stated “About 90,000 natural 
compounds make up almost 40% of the total possible new drugs, while several million 
synthetics comprise the remaining 60%”.5  The significance of medicinal plants is established 
by the fact that even in developed countries, almost 35% of prescribed drugs are of natural 
origin and 50% of over-the-counter (OTC) drugs are of plant origin.4 
Natural products have been applied to human healthcare for many years.  Drug discovery in 
ancient periods was largely by chance.  As understanding of therapeutic benefits deepened and 
demands for natural products increased, previously serendipitous discoveries evolved into 
active searches for new medicines.  Many drugs currently prescribed by physicians are either 
directly isolated from plants or are artificially modified versions of natural products.  Scientists 
are searching for high value compounds with interesting structures and pharmacological 
properties from natural sources.  
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1.2. Contribution of medicinal plants to modern drugs 
Herbal medicines are often referred to as drugs due to their thereupatic benefits and are used 
to treat either the cause or the symptoms of illness.  Phytomedicines are, according to the World 
Health Organization, finished labelled medicinal products that contain an active ingredient, 
whether in the crude state or as a plant preparation.6 
Medicinal plants serve as sources of many important drugs of the modern world.  Quinine from 
Cinchona bark, digitoxin from digitalis leaf, opium from Papaver somniferum, sennosides 
from Senna leaf, colchicine from Colchincum corn, vincristine and vinblastine from 
Catharathus root are, however, a few examples of the numerous modern scientific drugs that 
are prepared from medicinal plants.  According to Non-Wood News, the global pharmaceutical 
industry, worth USD 43 billion annually, relies heavily on forest derived medicinal plants.  On 
average, the active ingredients in 25% of all prescribed drugs come from medicinal plants, 
although not all of these grow in the forest habitats.7 
Medicinal plant products still remain the principal sources of many important drugs used in 
orthodox medicines today, since there are so many of these naturally occurring substances of 
plant origin (which cover a wider range than synthetic chemicals). 
1.3. Aim and objectives of the study 
The aim of this study is to evaluate the phytochemistry and pharmacological potential of 
Congolese Croton mubango and Croton haumanianus, and Tanzanian Croton dictyophlebodes.  
The following steps were taken to achieve the aim of the study; 
i. Extraction of the plant materials with dichloromethane and methanol to obtain the crude 
extracts. 
ii. Fractionation and purification of the crude extracts to obtain isolates. 
iii. Spectral characterization of isolates to determine their structures. 
iv. Determination of the anti-cancer effects of the isolated compounds. 
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CHAPTER 2 THE CHEMISTRY AND BOTANICAL ASPECTS 
OF AFRICAN MEMBERS OF THE CROTON GENUS 
(EUPHORBIACEAE) 
2.1. Introduction 
This study is the first detailed analysis of the chemistry, traditional uses and biological activities 
of members of the Croton genus (Euphorbiaceae sensu stricto) that occur in continental Africa, 
Madagascar and in the small African islands of Comoros, Mauritius, Reunion, and Sao Tome 
and Principe.  The term ‘Africa’ will be used in this study to refer to the geographical areas of 
the continental Africa, Madagascar and Africa’s small islands.  Croton species play an 
important role in the treatment of disease by traditional healers and, as such, a thorough 
understanding of the chemistry is vital both for the validation of the traditional use as well as 
exploring potential sources of novel therapeutics.  In addition, phytochemical studies could 
serve to shed light on some discrepancies in plant identification. 
2.2. The Euphorbiaceae family and the Croton genus 
The Croton genus is one of the largest genera of the Euphorbiaceae family.  The Euphorbiaceae 
is a significant plant family, consisting of 334 genera8 and over 8,910 species.9  Based on a 
major morphologically-based revision of relationships within the Euphorbiaceae, Webster 
(1994 and 1975) recognized five subfamilies and 49 tribes.  The Angiosperm Phylogeny Group 
(APG, 2009) subdivided the Euphorbiaceae family into the uniovulate subfamilies, the 
Acalyphoideae, Crotonoideae, and Euphorbioideae.10,11  The Croton genus belongs to the 
Crotonoideae subfamily, which consists of over 2,400 species in 67 genera and 12 tribes 
(Webster, 1994).10  Croton accounts for more than half the species in the subfamily, followed 
in number by Jatropha and Manihot.  Croton consists of flowering shrubs, herbs and trees 
distributed in the tropics and subtropics of the world.10  The Croton genus consists of about 
124 species in continental Africa, about 156 species endemic to Madagascar and 12 species 
that occur in the Comoros, Mauritius, Reunion and Sao Tome and Principe Islands.  Webster 
(1993)12 arranged the Croton species into 40 sections whereas Berry et al. (2005) supplemented 
Webster’s work using molecular phylogeny studies and placed the Croton species into 11 
clades.13   
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2.3. The chemistry, traditional uses and biological activities of African Croton species 
(Euphorbiaceae sensu stricto)  
The phytochemistry of thirty-four Croton species occurring in Africa have been investigated, 
ten of the species from Madagascar, twenty-three species from continental Africa and one 
Croton species from Sao Tome and Principe Island.  Diterpenoids are widespread throughout 
the African Croton with triterpenoids, flavonoids, sesquiterpenoids, phytosterols, N-containing 
compounds, cyclohexane derivatives, aliphatic molecules and ferulic acid ester derivatives also 
reported.  Twelve classes of diterpenoids have been reported from African Croton species 
(Table 1).  It has been widely noted that the Croton species occurring in America and Oceania 
predominantly yield alkaloids and diterpenoids whereas those occurring in Africa, Asia and 
Australia do not produce alkaloids.  However, three classes of N-containing compounds, the 
glutarimides, aliphatic and simple benzamides have been isolated from the African C. alienus, 
C. sylvaticus and C. lobatus.  Alkaloids related to benzylisoquinolines, such as 
morphinandienones and tetrahydroprotoberberines, reported to be predominant from the 
American and Oceanian Croton species, are yet to be reported from African Croton.14  The 
glutaramide alkaloids, such as julocrotine (2), were isolated from C. alienus, C. membranaceus 
and C. sylvaticus, and crotomide C (3) was isolated from C. alienus.  Most African Croton 
species have been documented to be used traditionally and twenty-three species have been 
studied for their biological activities.  
Two species, C. zambesicus and C. macrostachyus, have received most attention for both their 
chemistry and biological activities.  In this work, the different species will be discussed in 
alphabetical order and species from continental Africa will be discussed first.  The discussion 
will focus on the habitat, indigenous use and any documented biological activity of each of the 
species, in addition to its chemistry. 
2.3.1. Croton alienus Pax 
Croton alienus Pax is an endangered, moderately sized tree that is endemic to central Kenya, 
distributed in the humid, evergreen mountainous regions near Nairobi. C. alienus is used in 
traditional medicine by the Kikuyu people to treat body weaknesses.15  The roots and leaves of 
C. alienus have been analysed  and found to yield the phorbol ester diterpenoid, alienusolin 
(1), two glutarimide alkaloids, julocrotine (2) and crotonimide C (3), seven cyclohexane 
derivatives (4-10) including crotepoxide (4), also isolated from C. macrostachys, a triterpenoid, 
acetyl aleuritolic acid (11) and a phytosterol, 24-ethylcholesta-4,22-dien-3-one (12).16  The 
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twelve compounds from C. alienus were found to be inactive against several bacterial and 
fungal strains, showed antiplasmodial activities against two strains of Plasmodium falciparum, 
antileishmanial activity against Leishmania donovanii, cytotoxic activity against VERO cells 
and larvicidal activity against the larvae of Aedes aegypti and Anopheles gambiae.16  
 
2.3.2. Croton antanosiensis Leandri  
Croton antanosiensis Leandri (Syn. Croton antanosiensis var. basaltorum Leandri) is endemic 
to Madagascar and is a shrub growing up to 4 m high.  The stem bark is used in circumcision 
ceremonies to induce virility.  A strong decoction made from the stem bark was given as an 
ordeal poison in former times and its leafy branches are used to fumigate houses in case of 
epidemic diseases.17,18  The dried aerial parts of C. antanosiensis have been reported to contain 
0.25% of essential oils, constituting 73% of monoterpenes, with α-pinene, β-pinene and 
limonene (13) as the major components.19 
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2.3.3. Croton argyrodaphne H. Baillon 
Croton argyrodaphne H. Baillon (Syn. Croton argyrodaphne var. boinensis Leandri) is 
endemic to Madagascar and usually occurs as large shrubs to trees and grows up to 7 m high,20 
extends as far south as northern Toliara province on the west coast and northern Toamasina on 
the east coast.21  The stem bark is used to treat stomach aches, measles, jaundice and scabies 
in ethnomedicine.22  In a recent study, Zaralaly et al., (2017) 23 reported the isolation of a new 
furano-diterpenoid, argyrodaphnin 2 (14), acetyl aleuritolic acid (11), penduliflaworosin (15) 
and two flavonoids, ayanin (16) and ternatin (17).  These extractives have not been investigated 
for their biological activity. 
 
2.3.4. Croton aubrevillei J. Leonard 
Croton aubrevillei J. Leonard occurs as a small tree growing up to 6 m high in Cote d’Ivoire, 
Ghana, Cameroon and the Central African Republic.  An infusion of the leaves and bark is used 
in the treatment of stomach-aches, constipation and female fertility and the bark is also rubbed 
to treat pain and guinea-worm infection in Cote d’Ivoire.  In Cameroon, the dried bark and an 
infusion of the roots, leaves or stem bark are used to treat high blood pressure and stomach-
aches.  The stem bark is also used in Cameroon as a toothbrush and is rubbed on babies to aid 
sleep.18  The dried stem bark of C. aubrevillei is reported to contain 0.19% of essential oils 
with 34.6% of linalool and 11.9% of β-caryophyllene as the major components and several 
monoterpenes such as α-pinene (0.1%) and β-pinene (2.0%)24, are also present. 
2.3.5. Croton barorum Leandri 
Croton barorum Leandri is a shrub or a small tree growing up to 5 m high and is endemic to 
the dry forests of south-western Madagascar.  Traditionally, in Madagascar, a decoction of the 
stem and root barks is used to treat malarial fever, cough, diarrhoea, leukaemia and breast 
cancer,18 but some toxicity has been reported.25  The aromatic leafy branches are reported to 
work as an insect repellent against insects such as lice and the leaf extract is locally used in 
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perfumery as a soap.18  An ethyl acetate extract of dried aerial parts of C. barorum subjected 
to a screening program directed to discover new anticancer agents, exhibited 100% cell 
inhibition at 10 µg/mL against the murine lymphocytic leukaemia P388 cell line.  A bioassay 
guided fraction of the C. barorum ethyl acetate extract showed that the activity was due to 
crotobarin (18), a 3,4-seco-atisane diterpenoid.25  Crotobarin showed IC50 values against KB, 
HT29, A549 and HL60 human tumour cell lines of 2.5, 2.1, 0.8 and 0.6 µM respectively, in 
comparison to taxotere, the positive control at 0.3, 0.9, 0.4 and 0.5 µM respectively.  Crotobarin 
was also found to produce a net progression in the number of cells at the G2/M growth stage 
in the cell cycle of the K562 human leukemia cell line at 4 µM.25 
 
2.3.6. Croton decaryi Leandri 
Croton decaryi Leandri is a shrub growing up to 2 m tall that is endemic to south-western 
Madagascar where its aromatic leafy branches are used as a mattress filler to repel lice and a 
decoction from the aerial parts is taken to calm patients suffering from paranoid psychosis.18 
The leaves and stem bark of C. decaryi have been found to contain 0.29% and 0.19% essential 
oils respectively.  61.31% of the leaf oils were found to be sesquiterpenes whereas 74.72% of 
the stem oil was found to be monoterpenes.19  From both the leaf and stem bark oils, low 
amounts of aliphatic compounds of non-terpenic origin were also present.19  
2.3.7. Croton dichogamus Pax 
Croton dichogamus Pax is a shrub restricted to the East African countries of Kenya, Tanzania, 
Uganda, Rwanda and Ethiopia.  A decoction made from the whole plant is used internally 
amongst the Nandi people of Kenya in the treatment of malaria.26  It is recorded that elephants 
in the Serengeti-Mara region of southern Kenya and northern Tanzania do not eat C. 
dichogamus, but prefer Acacia species.  In a study to identify plant metabolites that influence 
elephants eating habits, two crotofolane diterpenoids, crotoxide A (19) and crotoxide B (20) 
were reported.27 The ethanol extract of the roots of C. dichogamus growing in Tanzania have 
been tested against Mycobacterium madagascariense and M. indicus pranii and for cytotoxic 
activity against brine shrimp, but extracts were inactive.28 Essential oils of dried aerial parts of 
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C. dichogamus collected from two parts of Kenya, Ngong and Got Ramogi, were analysed for 
their fumigant toxicities against Anopheles gambiae.  The essential oils were inactive.29  More 
recently, a phytochemical investigation of the root of Croton dichogamus yielded thirteen 
diterpenoids including three crotofolanes, crotodichogamoin A and B (22, 23), 
crotohaumanoxide (21), two halimanes, crothalimene A and B (25, 33), the casbane, depressin 
(24), seven furanoclerodane diterpenoids (26, 32), six sesquiterpenoids, including three 
patchoulane (34-36), and three cadinane sesquiterpenoids (37-39) and the well known acetyl 
aleuritolic acid (11).30  Compounds 11, 22, 25, 26, 27, 30, 31, 33, 34, 37, 38, and 39 were 
investigated for their cytotoxicity against Caco-2 cell lines using the neutral red assay.  10-Epi-
maninsigin D (39) inhibited Caco-2 cell viability at 10 μM, while other tested compounds did 
not show significant activity.30  
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2.3.8. Croton geayi Leandri 
Croton geayi Leandri is a an aromatic shrub growing up to 1.5 m tall that is endemic to rocky 
and sunny localities of south-western Madagascar.  An infusion of its aromatic leafy twigs is 
employed in the treatment of fevers, coughs, asthma and constipation in new-born babies.18 An 
unidentified part of the plant is also used in Madagascar as an antimalarial agent.31  From the 
wood of C. geayi, four 3,4-seco-diterpenoids were isolated, geayine (40) and 7-oxogeayine 
(41) belonging to the kaurane class and ent-8,13-epoxylabd-14-enes, geayinine (42) and 
isogeayinine (43).  The dried aerial parts of C. geayi contained 0.32% of essential oils 
constituting 46% of sesquiterpenes with caryophyllene oxide (44), β-caryophyllene and γ-
cadinene as components and 37% of monoterpenes.19 
 
2.3.9. Croton goudotii Baill        
Croton goudotii Baill (Syn. Croton mollivelus Baill) is a tree endemic to south-western 
Madagascar and it is used to treat chronic blennorrhea and coughs as well as being used as an 
aphrodisiac.25  A decoction made from the leaves is reportedly inhaled to treat malaria, whereas 
a decoction made from the bark is used to treat chronic gonorrhoea.18  Bioassay-guided fraction 
of an ethyl acetate extract of dried aerial parts of C. goudotii that exhibited 100% inhibition at 
10 µg/mL against the murine lymphocytic leukemia P388 cell line, led to the identification of 
a novel 3,4-seco-atisane diterpenoid, crotogaudin (45).25  Crotogaudin showed IC50 values 
against KB, HT29, A549 and HL60 human tumour cell lines of 1.5, 1.9, 0.5 and 0.5 µM 
respectively in comparison to taxotere, the positive control, at 0.3, 0.9, 0.4 and 0.5 µM 
respectively. Furthermore, crotogaudin, like crotogaudin, was found to produce a net 
progression in the number of cells at the G2/M growth stage in the cell cycle of the K562 
human leukemia cell line at 4 µM.25  
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2.3.10. Croton gratissimus Burch  
Croton gratissimus Burch is a shrub or a small tree that grows between 10 m and 20 m tall over 
a wide range of altitudes, in a variety of woodland vegetation types that are mainly associated 
with stony soils and rocky outcrops.32,33  It occurs mainly in Botswana, Congo, Malawi, 
Mozambique, Zambia, Zimbabwe and the northern parts of South Africa.34  C. gratissimus has 
been divided into two varieties, C. gratissimus var. gratissimus and C. gratissimus var. 
subgratissimus.  The difference is that the variety gratissimus has no hairs on the upper leaf 
surface, whereas the variety subgratissimus has stellate hairs on the upper surface and is 
distributed mainly in Botswana, Zimbabwe and the far northern areas of South Africa.33  C. 
gratissimus has wide traditional uses and it is documented that the Bushman girls dry the young 
branches and powder them to make perfume due to their pleasantly aromatic nature.33  It is also 
used in the treatment of dropsy, rheumatism35 and bleeding gums.33  In Namibia it is used as 
an important stock food.33  Croton gratissimus is widely regarded to be synonymous to Croton 
microbotryus Pax, Croton antunesii Pax, Croton welwitschianus Mull. Arg. and Croton 
zambesicus Muell. Arg. (Syn. C. amabilis Muell. Arg.).  C. zambesicus Muell. Arg., is 
documented to be widespread in tropical Africa36 and has been extensively studied 
phytochemically yielding a wide range of compounds including, clerodane,37 labdane38 and 
trachylobane39 diterpenoids and flavone-C-glycosides40 whereas C. gratissimus has 
predominantly yielded cembrane diterpenoids (46-59) including a novel cyclo-cembranoid 
skeleton (46).41  The remarkable differences in the chemical constituents of C. zambesicus and 
C. gratissimus var. gratissimus indicate these plants are different.  α-Glutinol (60), lupeol (61), 
eudesm-4(15)-ene-1β,6α-diol (62) and 24-ethylcholesta-4,22-dien-3-one (12) have also been 
reported from C. gratissimus.42  Steenkamp and co-workers43 demonstrated that methanol and 
water extracts of C. gratissimus showed scavenging ability of hydroxyl radicals whereas Frum 
and Viljoen44 demonstrated the 5-lipoxygenase inhibitory activity of the water and methanol 
extracts of C. gratissimus.44  Morobe et al., (2018) reported the extracts of C. gratissimus 
possessed strong free radical scavenging and antimicrobial activities.45   
 2. The Chemistry and Botanical Aspects of African Members of the Croton Genus (Euphorbiaceae) 
11 
 
 
 
2.3.11. Croton gratissimus var. gratissimus  
Phytochemical analyses can form the basis for decisions with regard to plant identification. For 
example, Ndhlala et al. (2013) suggested that C. zambesicus is a synonym of C. 
subgratissimus.46  This is, however, contrary to the accepted names given in the Kew Gardens 
World Checklist Database.47  C. subgratissimus is not reported as a species, however C. 
gratissimus var. gratissimus represents the correct name and occurs in South Africa and the 
Republic of Congo.47  The plant material reported by Ndhlala and co-workers46 was collected 
from Nigeria where C. zambesicus is reported to occur mainly.  The leaf extract of C. 
gratissimus var. gratissimus subjected to antioxidant guided fractionation gave four flavonoids, 
kaempferol (63), isovitexin (64), helichryroside-3’-methyl ether (65) and tiliroside (66).  The 
four compounds, and the hexane, CH2Cl2, ethyl acetate, butanol and 20% aqueous methanol 
extracts of this collection showed weak antioxidant capacity and acetylcholinesterase (AChE) 
inhibitory effects.46 
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2.3.12. Croton gubouga S. Moore 
Croton gubouga S. Moore (syn. Croton megalobotrys Mull. Arg.) is a shrub or small tree 
growing up to 14 m tall in medium to low altitudes in riverine vegetation.  C. gubouga occurs 
from the Transvaal of South Africa eastwards to south-western Tanzania, distributed in 
Botswana, Caprivi strip, Malawi, Zambia and Zimbabwe.48,49  The bark and seeds are used as 
a febrifuge, purgative and also used in Zimbabwe as a fish posion.49,50  The bark was reported 
to be used by the local population in the Transvaal as a remedy for malaria, and the seeds are 
recorded to be used in conjunction with opium in the treatment of malarial fever.49  The bark 
and the seeds are also recorded to cause purgation and emesis in dogs and to have an intense 
burning sensation in the throat, and cause salivation, slight nausea and have a laxative effect.  
Chemical examination by Goodson and Clewer (1919) of the bark led to the isolation of 4-
hydroxyhygrinic acid (67),49 which has also recently been reported from the Madagascan 
Croton hovarum.51,52  This plant has been shown to be molluscicidal.53 
 
2.3.13. Croton haumanianus J. Leonard 
Croton haumanianus is a tree, usually growing up to 15 metres tall but with some specimens 
up to 35 metres.54 The cylindrical bole is usually up to 40 cm in diameter, occasionally growing 
to 100 cm.  It occurs mainly in the Democratic Republic of the Congo, Congo, Equatorial 
Guinea and Southern Cameroon.  In DR Congo, a decoction of the stem bark is used to treat 
gonorrhea and rheumatism.  It is also used in killing rats, as well as in the preparation of arrow 
poisons.  It is also used in ceremonies to chase out bad spirits and restore strength when taboos 
have been removed.54  The stem bark of the plant has been reported to contain two diterpenoids, 
crotocorylifuran (68) and crotohaumanoxide (69), and the triterpenoid lupeol (61).55 
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2.3.14. Croton hirtus L’Her., Stirp. 
Croton hirtus L’Her., Stirp. (Syn. Croton glandulosus var. hirtus) is an annual herb usually 
growing to about 60 cm tall,56 widespread in the West Indies and tropical America, now 
naturalised pan-tropically, and recently recorded in Nigeria, Sierra Leone, Cote d Ivore, the 
Republic of Congo, Gabon and Benin.47,18 
Phytochemical investigations of the Costa Rican Croton hirtus yielded bisnor-[15-16]-13α-
hydroxy-2-oxodolabra-1(10)-3-diene (70), 15,16-dihydroxy-2-oxodolabradan-3-ene (71), 16-
hydroxy-2,15-dioxodolabradan-3-ene (72), twelve kaurane diterpenoids, 16α,17-dihydroxy-7-
oxokaurane (73), 6β,16α,17-trihydroxy-7-oxokaurane (74), 3α,16α,17-trihydroxy-7-
oxokaurane (75), 3α,6β,16α,17-tetrahydroxy-7-oxokaurane (76), including two 
cyclopropakauranes, 7β,11β,16α,17-tetrahydroxycyclo-[3.18]-kaurane (77), 16α,17-
dihydroxy-7-oxocyclo-[3.18]-kaurane (78), the hirtusanes, 16α,17-dihydroxy-7-oxohirtusan-
3-ene (79), 16α,17-dihydroxy-7-oxohirtusan-3,5-diene (80), 3β,4β-epoxy-16α,17-dihydroxy-
7-oxohirtusan-5-ene (81), 3α,4α-epoxy-16α,17-dihydroxy-7-oxohirtusan-5-ene (82), 3β-H-
16α,17-dihydroxy-7-oxohirtusan-4(19)-ene (83), 3β,16α,17-trihydroxy-7-oxohirtusan-4(19)-
ene (84), five germacradiene esters, 6β,8α-dihydroxy-8-O-benzoylgermacra-1(10)-Z,4E-dien-
14-oic acid (85), 6β,8α-dihydroxy-6-O-acetyl-8-O-benzoylgermacra-1(10)-Z,4E-dien-14-oic 
acid (86), 6β,8α-dihydroxy-8-O-benzoylgermacra-1(10)E,4E-diene (87), 6β,8α-dihydroxy-6-
O-acetyl-8-O-benzoyleleman-1(2),3(4)-dien-14-oic acid (88), 6β,8α-dihydroxy-8-O-
benzoyleleman-1(2),3(4)-dien-14-carboxyl-γ-lactone (89) and the C-25 compound (90) that 
was formed by the Diels-Alder reaction between 85 and a monoterpene.57  Recently, Andi and 
co-workers reported the isolation of (-)-5,8-dihydroxyjatrophan-3-one (91) and (+)-14,16,17-
trihydoxykauran-1-one (92) from the root of Croton hirtus occurring in Malaysia.58 
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2.3.15. Croton hovarum Leandri 
The aerial parts of Madagascan Croton hovarum Leandri are cooked with chicken bones and 
used to treat colic and acute weakness of the body.18  The leaves are toxic and infusions of this 
plant are known to cause coronary vasoconstriction.18,51,52  Krebs and Ramiarantsoa (1996, 
1997) reported the isolation of five clerodane diterpenoids (93-96), one halimane diterpenoid 
(97), three triterpenoids, β-amyrin (98), acetyl aleuritolic acid (11), friedelin (99), a flavone C-
glycoside, vitexin (100) and 4-hydroxyhygrinic acid (67).51,52  There are no reports on the 
biological activity of extracts of C. hovarum. 
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2.3.16. Croton jatrophoides Pax. 
Croton jatrophoides Pax. is a small to medium tree growing up to 18 m tall recorded in the 
coastal regions of Tanzania mainly in Tanga and Dar es Salaam.  A strongly scented root extract 
is used for the treatment of colds and stomach-aches in Tanzania, where the Washamba people 
also use it to treat intestinal worms.18  The chemistry of C. jatrophoides collected from coastal 
Kenya near Mombasa is shrouded in chemotaxonomic uncertainties, as it is the first member 
of the Euphorbiaceae family reported to produce several limonoids59,60,61 previously known to 
be restricted to the Meliaceae, Simaroubaceae and Rutaceae families,22 and more recently also 
reported from the Cneoraceae62 and Flacourtiaceae63 families.  A sample of C. jatrophoides 
reportedly collected from coastal Kenya near Mombasa was found to contain the limonoids 
dumsin, zumsin, dumnin, dumsenin, zumketol, zumsenin, zumsenol, musidunin and 
musiduol.59,60,61  It is reported that the plant specimen (AC 76-134) was deposited in the 
Department of Botany Herbarium at the University of Nairobi.  However, the specimen at the 
above herbarium was missing when searched for in December 2009 by Dr. MK Langat and 
Mr. Patrick Mutiso (chief curator at the Herbarium) raising doubts on the true identity of the 
plant that yielded the limonoids.  Prof. J. O. Kokwaro in his book, ‘‘Medicinal Plants of East 
Africa’’ does not show that the plant occurs in Kenya.64  Interestingly, the Swahili name 
‘msinduzi’ of C. jatrophoides Pax65 is also used by Prof. Kokwaro for C. sylvaticus Hochst and 
used by Dr. Beentje for C. talaeporos that grows in the general vicinity of Mombasa.  
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Furthermore, Schmelzer and Gurib-Fakim (2008) in their PROTA booklet, titled ‘‘Plant 
Resources of Tropical Africa 11 (1): medicinal plants 1’’18 requested for confirmation of the 
occurrence of the species outside Tanzania in order to assess its genetic diversity.  Therefore, 
the identity of the plant has not been verified and no herbarium sample has been found.  
Limonoids have not been isolated from the Euphorbiaceae family either before or since.  In 
addition, this species is not associated with Kenya and there exists the possibility that the plant 
may have been misidentified.18  However, the chemistry of the Tanzanian C. jatrophoides was 
reported by Mbwambo et al., (2008) to yield four diterpenoids, one ent-halimane diterpenoid, 
penduliflaworonsin (14), also reported from west African C. penduliflorus and east African C. 
sylvaticus, and three clerodane diterpenoids, teucvin (101), jatrophoidin (102) and isoteucvin 
(103).66  
 
2.3.17. Croton lobatus L. 
Croton lobatus L. is a branched annual herb growing up to 1 m high, occurring in Senegal and 
eastwards to Eritrea and Ethiopia.  It is also found outside Africa in the Carribean, South 
America and the Arabian Peninsula.  A leaf decoction is used in West Africa as a purgative, as 
an enema, and to treat gynaecological infections.  Heated leaves are also used to treat 
rheumatism.  A sap from the leaves of this plant is used as eye drops.18  Lobaricide (107), a 
triglyceride, two unsaturated fatty acid esters (105-106), an acyclic diterpenoid, 
geranylgeraniol (104), a triterpenoid, betulinic acid (108), four phytosterols, cholesta-5,7-dien-
3-ol (109), 3-hydroxycholest-5-en-7-one (110), cholestan-3-one (111) and ergosterol (112), a 
cinnamic acid derivative, (E)-3(4-methoxyphenyl)-2-phenyl-acrylic acid (113) and a nitrogen 
containing compound, N-(2-hydroxy-1-phenylpropyl)-benzamide (114) were reported from the 
dried leaves and stems of C. lobatus.67,68  Seven of these compounds (104-106, 107, 11 and 
114) were tested for their antiplasmodial activity against Plasmodium falciparum K1 
chloroquine-resistant strain with (104) and (114) exhibiting IC50 values of 1.07 and 1.45 mg/mL 
respectively.67  More recently, Attioua et al., (2012) reported five N-containing compounds, 
palmitanoide (105), N-(2-hydroxy-1-phenylpropyl) benzamide (114), aurentiamide acetate 
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(115), onosmin B (116) and onosmin A (117) from the aerial parts of C. lobatus.69  C. lobatus, 
occurring in the West Indies, afforded vomifoliol (118) that has not been found in the African 
species (C. lobatus).70 
 
2.3.18. Croton macrostachyus Hoscht.  
Croton macrostachyus Hoscht. ex A. Rich, ex Delile (Syn. Croton macrostachyus var. 
mollissimus Chiov.) is a medium sized tree, usually no more than 18 m tall, found in 
Madagascar and distributed in the tropical mountainous and savannah regions of continental 
Africa.64,71,72  It is found in Tanzania, Kenya, Somali, Sudan and Eritrea in East Africa and is 
spread westwards to Guinea and Liberia, and southwards to Malawi, Zambia and Zimbabwe 
and is also found in Congo (DR) and Angola.71  Throughout tropical Africa and Madagascar, 
a decoction, infusion or maceration of its leaves, root bark and stem bark are used as a purgative 
and vermifuge.18,72  Among the Borana people of Ethiopia, its roots are crushed, mixed with 
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curdled milk and orally taken to treat bloating.  The roots and fruits of C. macrostachyus are 
also squeezed in Ethiopia to prepare a water infusion used in the treatment of venereal 
diseases.73  Kenya’s Nandi people use decoctions made from the root and leaves for the 
treatment of malaria.26  In western Africa, a decoction prepared from different parts of the plant 
is used to treat stomach pains, constipation and female infertility, whereas the Kikuyu people 
of Kenya use a decoction from the roots to treat malaria and the leaf juice for its wound healing 
properties.  In East Africa, an infusion of the bark is used to treat chest problems and 
rheumatism.18,74  In a 2018 report by Maroyi, Croton macrostachyus is reported to be used in 
the management of about 81 animal and human diseases and ailments.75  Some of the 
compounds isolated from C. macrostachyus include crotomacrine (119), halim-5,10-en-
19,6β;20,12-diolide (123), floridolide (120), hardwickiic acid (121) and 12-oxohardwickiic 
acid (122) of the clerodane class, a labdane, crotomachlin (124) and four trachylobane 
diterpenoids, trachyloban-19-oic acid (125), trachyloban-18-oic acid (126), 3α,18,19-
trihydroxytrachylobane (127), 3α,19-dihydroxytrachylobane (128) as well as four 
triterpenoids, lupeol (61), betulin (129), a derivative of betulinic acid (130), and acetyl 
aleuritolic acid (11), and crotepoxide (4),  a cyclohexane derivative (4), and sitosterol palmitate 
(131).74,75,76,77,78,79  The chemistry of C. macrostachys growing in Madagascar has not been 
reported.  Water and alcoholic extracts from C. macrostachyus were shown to have 
anthelmintic activity against the egg and adults of H. contortus whereas the water and 
CH2Cl2/MeOH extract of the stem bark have been reported for analgesic and anti-inflammatory 
properties.77  An unspecified extract of the leaves and the ethyl acetate extract of the stem bark 
of C. macrostachyus78 have been tested for their antimicrobial and antifungal activities.77  The 
seeds of C. macrostachyus collected from Lower Shebeli, Somalia, contained 48% essential 
oils constituting linoleic acid, palmitic acid, stearic acid and myristic acid with a relative 
abundance of 80%, 12%, 6% and 2% respectively.72  Further hydrolysis of a methanol soluble 
extract of the essential oils showed the presence of phorbol esters upon comparison with an 
hydrolysed product of commercially available 12-O-tetradecanoyl-phorbol 13-acetate (132).72  
The purgative and inflammatory activities of the essential oils were demonstrated by Mazzanti 
et al., (1987) and the observed activities rationalized the use of C. macrostachyus 
ethnobotanically as a purgative.72  
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2.3.19. Croton mauritianus Lam. 
Croton mauritianus Lam. is endemic to Reunion, and also occurs on Mauritius. It is a small 
tree or shrub growing up to 5 m tall with the bole getting to 20 cm in diameter.  The decoction 
of the leaves is used to treat fever and to enhance memory as well as an ingredient of medicinal 
preparations.80  Corlay et al., reported the isolation of two tigliane diterpenoids named 12-O-
decanoylphorbol 13-acetate (133) and the new 12-O-decanoyl-7-hydroperoxylphorbol-5-ene 
13-acetate (134), alongside vomifoliol, loliolide, dehydrovomifoliol, bluemol C and 
annuionone D from the leaves of Croton mauritianus collected from Bellepierre, on the 
northern hills of Reunion Island.  These two compounds (133 and 134) inhibited chikungunya 
virus-induced cell death in cell culture.81 
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2.3.20. Croton mayumbensis J. Leonard  
Croton mayumbensis J. Leonard is a tree growing up to 34 m high in western central Africa 
including Gabon, Cameroon and the Central African Republic.  The stem bark and the leaves 
of C. mayumbensis are used to treat microbial infections and human parasitic diseases.82  The 
stem bark of C. mayumbensis growing in the Central African Republic gave a halimane 
diterpenoid named centraficine 1 (135).82  
 
2.3.21. Croton megalobotrys Müll. Arg. 
Croton megalobotrys Müll. Arg. (syn. Croton gubouga S. Moore) is a medium sized tree or 
shrub growing up to 15 m high and the bole can get up to 60 cm in diameter.33  It occurs 
frequently from Tanzania in the north, to Swaziland in the south.83  Croton megalobotrys is 
also distributed in Zambia, Tanzania, Mozambique, Malawi, Zimbabwe, Namibia and 
Botswana.  Throughout its distribution range, an infusion, decoction or maceration of its root, 
leaves, fruits and seeds are used in the management of various human and animal diseases in 
ethnomedicine.  It was also reported to possess antiplasmodial, antibacterial, anti-HIV, and free 
radical scavenging activities.84  The seeds and bark of C. megalobotrys are used in the treatment 
of malaria while the leaves are used to treat body pain.85  Tietjen et al. (2018) reported that the 
crude extracts of Croton megalobotrys are used as one part of a regimen possessing HIV 
latency-reversal properties.  They isolated two phorbol esters, numushen 1 (136) and numushen 
2 (132) which were reported to confer HIV latency-reversal in vitro.86 
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2.3.22. Croton megalocarpoides Friis & M. G. Gilbert 
Croton megalocarpoides Friis & M. G. Gilbert is a shrub or tree that grows up to 8 metres high 
in rocky places and is endemic to the semi-evergreen coastal bush land in East Kenya and south 
Somalia.87,88  It has also been reported to occur in Tanzania and Mozambique.89  Croton 
megalocarpoides is related taxonomically to other African Croton  species, Croton 
megalocarpus Hutch and often confused with Croton mayumbensis J. Leonard and Croton 
mubango Mull Arg., being the two from lowland forest and forest Savannah Mosaic in West 
Zaire and neighboring countries.  All these species have a grey scaly bark with silvery under 
leaves and produce tri-lobed fruits.88 
Phytochemical investigation into the roots of Kenyan Croton megalocarpoides yielded twenty-
two compounds including twelve ent-clerodane (137-149) and three abietane (150-152) 
diterpenoids, alongside crotocorylifuran (68), four ent-trachylobane diterpenoids (153-156), 
and the triterpenoids, lupeol (61), and acetyl aleurotolic acid (11).  These compounds were 
found to be inactive against microorganisms (fungal and bacteria) and also against Plasmodium 
falciparum.90  
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2.3.23. Croton megalocarpus Hutch  
Croton megalocarpus Hutch (syn. Croton elliottianus Engl. and Pax ) is a fast growing tree 
with a rough grey bark and broad leaves and can exceed 30 m in height, but can be smaller in 
semi-arid areas.64  It is found in Kenya, westwards to the Democratic Republic of Congo and 
southwards to Mozambique, Malawi and Zimbabwe.47  The sap from its leaves is used to treat 
topically bleeding wounds.91  It is also widely used in East Africa as an anthelmintic agent and 
for the treatment of whooping cough.64  Two clerodane diterpenoids, chiromodine (157), and 
epoxychiromodine (158), four triterpenoids, acetyl aleuritolic acid (11), lupeol (61), betulin 
(129) and 3β-acetoacetyl lupeol (159) and ferulic acid ester derivatives with the straight chains 
C24-, C26- and C28-alkan-1-ols (160-162) were isolated from C. megalocarpus.
92  The seeds of 
C. megalocarpus contain 30-32% essential oils that have been found to have a strong potential 
as a source of biodiesel due to a high methyl ester content and a kinematic viscosity comparable 
to that of diesel.93, 94  Linoleic acid (18:2) was found to be the major fatty acid constituting 
74.31% of the fatty acids present in the oil.94  The essential oils have also been shown to possess 
an Epstein-Barr virus-activating potency.95  Croton megalocarpus has been shown to have anti-
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inflamatory, antifungal, antibacterial, antinociceptive, wound healing, toxicity and molluscidal 
properties.96 
 
2.3.24. Croton membranaceus Müll. Arg. 
Croton membranaceus Müll. Arg. is an herb or undershrub growing up to 1-2 m high and is 
endemic to West Africa, distributed in Cote d’Ivoire, Ghana and Nigeria.  The root bark is used 
in Ghana to treat urinary retention caused by enlarged prostate, and for the treatment of 
measles.  The Yorubas of Nigeria use the plant as a remedy for several stomach complaints and 
its seeds are sold in market places.97  The root extract of C. membranaceus, used in Ghana in 
formulations for treatment of measles, resulted in the isolation of a furano-clerodane 
diterpenoid, crotomembranafuran (163), labdane diterpenoid, gomojoside H (164), a 
glutarimide alkaloid, julocrotine (2), sitosterol (165), sitosterol 3-O-β-D-glucoside (166) and 
DL-threitol (167).98  Five of the compounds were tested for antimicrobial activities against 
Staphylococcus aureus, Bacillis subtilis, Eschericha coli, Pseudomonas aeruginosa and fungi, 
Aspergillus niger and Candida albicans.  The labdane, gojomoside H (164) showed significant 
antimicrobial activities equal to the activity of gentamycin, the positive control.98   
 
2.3.25. Croton menyharthii Pax 
Croton menyharthii Pax is a monoecious much branched shrub or tree that grows between 1 – 
5 metres tall.  Its native range occurs from Ethiopia, Kenya, Somalia, Angola, Tanzania, 
Zambia, Zimbabwe, Botswana and Mozambique to South Africa.17,99  A decoction of the dried 
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or fresh roots is taken to treat malaria, influenza and dysmenorrhoea.  The leaves soaked in 
water are drunk to treat tapeworm and hepatitis, and the smoke from the burnt leaves is inhaled 
to ease menstruation pains and pregnancy.17  The people of KwaZulu-Natal in South Africa 
make smoke from the dried plant material of Croton menyharthii and this is used traditionally 
to repel mosquitoes.100  Most parts of the plants are used in the management of intestinal 
obstruction, dysmenorrhoea, hepatitis and ascites in ethnomedicine.101 
The leaves of Croton menyharthii growing in the Umzinyathi District, KwaZulu-Natal, have 
yielded three flavonols, myricetrin 3-O-rhamnoside (myricetrin) (168), quercetin 3-O-
rhamnoside (169) and quercetin (170), alongside an indole alkaloid, (E)-N-(4-
hydroxycinnamoyl)-5-hydroxytryptamine (171).  The four compounds and the crude extracts 
were tested for their inhibitory properties on some bacteria, a fungus (Candida albicans), 
cyclooxygenase (COX-2), α-glucosidase and acetylcholinesterase (AChE).  Compound (170) 
was most active against Candida albican and Bacillus substilis while compounds (168) and 
(171) were the most active against K. pneumonia, E. coli and S. aureus.  The inhibitory activity 
of compound (168) against COX-2 was insignificant while activities of compounds (169-171) 
were low.  The AChE inhibitory effect of the alkaloid, (171) was high with a percentage 
inhibitory activity of 72.6% and IC50 value of 15.0 μg/mL.  The leaf extracts of Croton 
menyharthii and the isolated compounds inhibit α-glucosidase activity at very low IC50 values 
compared to the synthetic drug acarbose.102 
 
2.3.26. Croton mongue Baill  
Croton mongue Baill (Syn. Croton mongue var. vatambensis Leandri) occurs in the highlands 
of Madagascar and it is known that the stems and seeds are toxic.  The stem is used in match 
manufacturing.103  Purification of a 4% acetic acid extract of the seeds of C. mongue using ion-
exchange chromatography on DEAE-cellulose and gel filtration on Sephadex G-25 and G-15 
led to the isolation of a thermostable protein named monguine.103  Monguine was found to 
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contain a high content of aspartic and glutamic acids and was shown to inhibit protein synthesis 
in hepatoma tissue culture cells and globin synthesis in a rabbit reticulocyte lysate.103    
2.3.27. Croton oligandrus Pierre ex Hutch 
Croton oligandrus Pierre ex Hutch is a tropical tree growing up to 8 metres tall, commonly 
found in the Congo, Cameroon and Gabon.104  Croton oligandrus is used as a traditional 
medicine for various conditions including stomach disorders, pneumonia and splenomegaly,105 
and scabies.104  In Gabon, decoctions of the stem bark are used by pygmies to treat anaemia.106  
Phytochemical investigations of the bark of Croton oligandrus have yielded a range of 
compounds including megalocarpodolide D (144), 12-epi-megalocarpodolide D (172), 12-epi-
crotocorylifuran (140), an epimeric mixture of crotonolins A (173) and B (174), cluytyl ferulate 
(177), hexacosanoyl ferulate (178), vanillin (179), acetyl aleuritolic acid (11) and lupeol 
(61).107  Similarly, crotonoligaketone (175), crotonadiol (180), imbricatadiol (181), 
crotonzambefuran B (176), 7-acetoxytrachiloban-18-oic acid (182), 3-O-acetyl aleurotolic acid 
(11), lupeol (61), sitosterol (165), and stigmasterol were isolated.108  Compounds 144 and 172 
showed activity against both A549 and MCF7 cells with 172 being the more active with IC50 
values of 63.8 ± 13.8 and 136.2 ± 22.7 μM against A549 and MCF7 cells, respectively.107 
 
2.3.28. Croton penduliflorus Hutch 
Croton penduliflorus Hutch. is a medium-sized tree growing up to 25 m tall, occurring from 
Sierra Leone, east to Nigeria and also in the Central African Republic and Gabon.18  In Cote 
d’Ivoire, a leaf infusion is used to treat menstrual disorders whereas a leaf infusion is used to 
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treat fever in Ghana. In Nigeria, a seed extract is used to treat uterine tumours and stomach 
complaints.97  Penduliflaworonsin (14), a halimane diterpenoid, was isolated from the root bark 
of West African, C. penduliflorus.97,109  Essential oils extracted from the seeds of C. 
penduliflorus were analysed for their effects on lipid, fasting blood sugar and haematological 
parameters of pregnant rabbits and were found to be hypocholesterolemic but might predispose 
anaemia.110 Acute toxicity and gastrointestinal effects of the essential oils from the seeds of C. 
penduliforus have been studied by Asuzu and Chineme (2006).  They found that the oil initiated 
hypersecretions in all segments of the gastro-intestinal tract, produced oedema in the stomach 
and induced mild inflammatory reactions in the jejunum, ileum and the colon, with the liver, 
lung and myocardium being the most affected of the visceral organs.111  The methanolic extract 
of the seeds of C. penduliforus was demonstrated to cause an increase in the maltase activity, 
total protein concentration, albumin concentration and sucrose activity in pregnant rats.112 
2.3.29. Croton pseudopulchellus Pax 
Croton pseudopulchellus Pax is a shrub that grows to about 4 m tall and is distributed in Mali, 
Nigeria, Somalia, Kenya, Ethiopia, Angola, Zimbabwe, Mozambique and South Africa.113,114  
C. pseudopulchellus plant parts have varied uses in different places.  In the coastal area of 
Kenya, C. pseudopulchellus is used as a condiment, burnt, and the smoke used to flavour fresh 
milk.115  The leaves of C. pseudopulchellus are used in Tanzania to treat syphilitic ulcers and 
for the treatment of chest infections.116  A decoction from the roots is used to treat asthma 114 
whereas the root powders are sniffed for colds.  C. pseudopulchellus is also used for the 
treatment of viral and tussive infections.117  Watt and Breyer-Brandwijk (1962) report that the 
leaves and the root of C. pseudopulchellus contain the toxalbumin crotin (G19), a glycoprotein 
that is attached to crotin, a dihydrochalcone also reported from C. sylvaticus.118  Langat et al., 
(2012) reported seven kaurane diterpenoids (183-189), a labdane (190), three sesquiterpenoids 
(62, 191-192), triterpenoids (11, 98) and stigmasterol.119  Meyer et al.120 report a minimal 
inhibitory concentration (IC50) of the acetone extract of the aerial parts of C. pseudopulchellus 
of 0.1 mg/mL against the Mycobacterium tuberculosis H37Rv strain by the radiometric 
method.  The chloroform extract of the stem bark of C. pseudopulchellus has been found to 
possess 82% minimum inhibitory activity at 50 mg/mL against PfUP1, a chloroquine resistant 
strain of the malarial parasite Plasmodium falciparum117 and a minimum inhibitory 
concentration (IC50) of 3.45 mg/mL against vervet monkey kidney cells.
117  The isolated 
compounds, ent-14S*-hydroxykaur-16-en-19-oic acid (185), ent-kaur-16-en-19-oic acid (183), 
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ent-12β-hydroxykaur-16-en-19-oic acid (188), ent-12β-acetoxykaur-16-en-19-oic acid (186) 
and 8R,13R-epoxylabd-14-ene (190) were tested for their effects on Semliki Forest virus 
replication and for cytotoxicity against human liver tumour cells (Huh-7 strain) but were found 
to be inactive.  Ent-kaur-16-en-19-oic acid (183), the major constituent, showed weak activity 
against the Plasmodium falciparum (CQS) D10 strain.119 
 
2.3.30. Croton sakamaliensis Leandri 
Croton sakamaliensis Leandri Syn. Croton sakamaliensis var. microphyllus Leandri is a small 
shrub growing up to 1 m high occurring in rocky soils in valleys of central and southern 
Madagascar.  Traditionally an infusion of the stem bark is used to treat diarrhoea, cough, fever 
and as a purgative to remove intestinal worms.  The leaves and stem bark of C. sakamaliensis 
were found to contain 0.38% and 0.15% essential oils respectively.  70.69% of the leaf oils 
were found to be sesquiterpenes whereas 96.25% of the stem oil was found to be 
monoterpenes.19  From both the leaf and stem bark oils, low amounts of aliphatic compounds 
of non-terpenic origin were present.  The essential oils of C. sakamaliensis have been studied 
against several pathogens showing significant antibacterial activity.19  
2.3.31. Croton steenkampianus Gerstner 
Croton steenkampianus Gerstner is a shrub or tree restricted to Tanzania, southern 
Mozambique and eastern parts of southern Africa.  The Zulu people of South Africa inhale the 
vapour of a decoction of its fresh leaves to relieve body pains.18,121  From the leaves of C. 
steenkampianus an indane (193), two diterpenoids, steenkrotin A (194) and steenkrotin B 
(195), and three flavonoids, quercetin (197), taxmarixetin (196) and eriodictyol (198), were 
isolated.  The six compounds were tested for their antiplasmodial activity against chloroquine-
susceptible strains (D10 and D6) and the chloroquine-resistant strains (Dd2 and W2) of 
Plasmodium falciparum and cytotoxicity against Vero cells.  Steenkrotin A gave moderate 
activities at 9.1-15.8 µM against the Plasmodium falciparum strains while none of the 
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compounds were cytotoxic against Vero cells.121  The methanol extract of the leaves of C. 
steenkampianus was found to be inactive against Pseudomonas aeruginosa.122 
 
2.3.32. Croton stellulifer Hutch. 
Croton stellulifer (C. stelluliferus) Hutch. is an endemic and rare species growing in the Sao 
Tome and Principe Island.123,124  The composition of the essential oils of the stem bark has been 
studied and gave several monoterpenes with α-phellandrene, α–pinene, ρ-cymene and linalool 
as the major components.  The essential oil was evaluated for its antibacterial activity against 
ten bacterial and fungal organisms and shown to be active, except against Aspergillus niger.124     
2.3.33. Croton sylvaticus Hochst  
Croton sylvaticus Hochst (Syn. Croton verdickii De Wild, Croton oxypetalus Mull. Arg. and 
Croton stuhlmannii Pax) is a deciduous tree that is distributed from Ethiopia in the north to the 
Eastern Cape in South Africa, rarely in Guinea to South Nigeria, and more widely found in 
Gabon to Angola.125  The pulverized bark is steeped in milk and used to treat severe abdominal 
pains.  The bark powder is also used to treat rheumatism, chest pains, and inflammation by 
rubbing into scarifications and in Gazaland (modern day Zimbabwe and Mozambique) as a fish 
poison.125,126,118  The Swazi use powdered bark to treat gall-sickness in cattle.118  The root is 
used as a remedy for indigestion and for the treatment of pleurisy. Some parts of the plant are 
also used to treat malaria.87  The roots of C. sylvaticus are reported to contain the toxalbumin 
crotin (G19), a glycoprotein molecule that is attached to crotin, a dihydrochalcone, and 
glycosylated protein.118  Hydrodistillation of the leaves has shown the presence of over fifty-
two components including caryophyllene oxide (44) and α-humulen-1,2-epoxide (199).127  In 
addition, a glutarimide alkaloid, julocrotine (2), lupeol (61) and penduliflaworonsin (14), a 
halimane diterpenoid, initially reported from the West African C. penduliflorus,128 a derivative  
of sitosterol (200), stigmasterol derivative (201) and a clerodane diterpenoid, hardwickiic acid 
(121)127 have been reported from the leaves of East African C. sylvaticus.  Frum and Viljoen 
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(2005) reported that both the water and methanol extracts of C. sylvaticus exhibited very 
promising 5-lipoxygenase inhibitory activity.44  
 
2.3.34. Croton zambesicus Müll. Arg. 
Croton zambesicus Muell. Arg. is a Guineo-Congolese species widespread in tropical Africa, 
distributed from Sudan westwards to Benin as a shrub or a small tree reaching 10 m high.129  
C. zambesicus is recorded in the World Plant Check list Database as being a synonym of Croton 
gratissimus var. gratissimus, C. amabilis Muell. Arg. and C. welwitschianus Muell. Arg.47  C. 
zambesicus is widely used as traditional medicine for many applications, with the roots used 
as an aperient and the leaf decoction used as a wash for fevers in Sierra Leone and Nigeria and 
internally for dysentery and convulsions.38  The leaf decoction is also used in Benin as an 
antihypertensive and for urinary infections.130  The Ibibios of Nigeria use the roots as an 
antimalarial and antidiabetic whereas, in Sudan, the roots are used to alleviate menstrual 
pain.130,131  
The phytochemistry of the leaves of C. zambesicus collected from Dilling, Sudan was first 
reported in 1970 by Wagner and co-workers, where they reported five flavone-C-glycosides, 
vitexin (100), orientin (202), vicenin-1 (203), saponaretin (204) and iso-orientin (205).132  
Further extensive work on the leaves and bark of C. zambesicus growing in Benin and 
Cameroon has yielded several diterpenoids belonging to clerodane (140, 206, 207), labdane 
(180), kaurane (208), trachylobane (209-214), pimarane (215-216) and phytol (217) 
classes.36,108,129,133,134  Other compounds reported from C. zambesicus include lupeol (61), 
betulinic acid (108), betulin (129), sitosterol (165) and sitosterol glycoside (166). The 
composition of essential oils from the leaves of C. zambesicus growing in Benin,129 the 
composition of essential oils from the leaves of C. zambesicus growing in Chad24 and the 
composition of essential oils from the leaves, roots and stem bark of C. zambesicus growing in 
Cameroon,135 have been studied.  In all the three cases, monoterpenes, sesquiterpenes and 
aliphatic compounds were found to be present in the essential oils.  The stem bark of C. 
zambesicus has been studied for antimicrobial activities and found to have wide-spectrum 
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antibacterial effects comparable to ampicillin and gentamycin, and antifungal activity was 
comparable to tioconazole.135  Other biological activities reported for different parts of C. 
zambesicus include antidiabetic activity of the ethanolic extract and antiulcer, anticonvulsant, 
analgesic, antipyretic and anti-inflammatory activities of root ethanolic extracts with modest 
activities.136    
         
2.4. International commercial products derived from the Croton genus 
- Plaunotol (C. stellatopilosus)     - Anti-ulcer 
- Sangre De Drago (C. lechleri)   -Anti-inflammatory 
                   -Anti-diarrhoea 
      - Biodiesel, poultry feed and organic fertilizer (C. megalocarpus).  
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Plaunotol (218), an active ingredient of a commercial drug name Kelnac®, is a diterpenoid 
which has been isolated from the leaves of Croton stellatopilosus H. Ohba endemic to 
Thailand, and is used in the treatment of peptic ulcer, stomach and intestinal ulcers, most 
commonly caused from bacteria or overuse of non-steroidal anti-inflammatory drugs 
(NSAIDs).  Plaunotol acts by enhancing the hosts’ defensive mechanism by increasing 
antibacterial activity against Helicobacter pylori, which is known to be associated to causing 
ulcer formations.137  
 
Sangre De drago, which is also known as dragon’s blood, is another naturally obtained material, 
which has immunomodulatory activity, inhibiting the proliferation of activated T-cells.138  The 
red latex also has antioxidant and antiviral activities in addition to the treatment of illnesses 
such as dysentery and inflammation infections.139  It has been isolated from many different 
species including the Croton lechleri Müll. Arg. and Croton draco Schuldt.  Traditionally, the 
red resin is used in dyes and to strengthen the gums and teeth.140  
 
Figure 2: 'Dragon's blood' sap from Croton lechleri Müll. Arg.141 
 
2.5. A brief introduction to diterpenoids 
Terpenes constitute a large and structurally diverse family of natural products derived from C5-
isoprene units.  They are the hydrocarbon components of resins, and of turpentine produced 
from resins.  When terpenes are modified chemically, such as by rearrangement or oxidation 
of the carbon skeleton, the resulting compounds are usually referred to as terpenoids.142  
Diterpenes are a group of terpenoids produced as secondary metabolites that are found in higher 
plants, fungi, insects and marine organisms.  They are the most important plant metabolites 
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derived from geranyl geranyl pyrophosphate (GGPP) and have a C-20 skeleton 
where isoprene units are joined head to tail in the parent hydrocarbon in different ways to 
produce an array of diterpenes.  They are  classified into several classes, including phytanes, 
labdanes, colensanes, abietanes, totaranes, pimaranes, halimanes, clerodanes, rosanes, 
cassanes, vouacapanes, podocarpanes, trachylobanes, kauranes, phyllocladanes, aphidicolanes, 
isocopalanes, stemodanes, stemaranes, dolastanes, bayeranes, atisanes, gibberellins, taxanes, 
cembranes, briaranes, casbanes, daphnanes, jatrophanes, tiglianes and ingenanes.143,144  The 
simplest and most important of the diterpenes is phytol, obtained as a reductive form of geranyl 
geraniol that forms the lipophilic side chain of chlorophyll.145  
2.5.1. Biosynthesis of diterpenoids 
Diterpenes are a group of C20 structurally diverse molecules, comprising of four isoprene units.  
They are all derived from the basic biosynthetic precursor of all diterpenoids, 15E, 9E, 5E–
geranylgeranyl pyrophosphate (GGPP), by a series of biotransformations (Scheme 1).146   
Firstly, the geranylgeranyl pyrophosphate (GGPP) is formed by dimethylallyl diphosphate 
(DMAPP) combining with isopentenyl diphosphate (IPP) via the enzyme prenyl transferase to 
produce geranyl diphosphate (GPP).  Secondly, the addition of a C5 unit to GPP yields farnesyl 
diphosphate (FPP), then, an extra IPP molecule is added to produce geranylgeranyl diphosphate 
(GGPP) (Scheme 1).146 
    
Scheme 1: The formation of geranylgeranyl diphosphate (GGPP).146 
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2.5.1.1. The biosynthesis of acyclic diterpenoids 
Acyclic diterpenoids, such as phytol and plaunotol, are simple linear diterpenoids formed by 
the hydrolysis of geranylgeraniol as shown in Scheme 2.147 
 
Scheme 2: The formation of acyclic diterpenoids.147 
 
2.5.1.2. The biosynthesis of bicyclic diterpenoids  
Bicyclic diterpenoids can belong to the labdane or clerodane classes.  Bicyclic diterpenoids are 
formed from GGPP through protonation of the C-3 double bond followed by the anti-parallel 
additions of the C-5 and C-9 double bonds to form the trans-decalin intermediate.  A loss of a 
proton from the methyl group resulting in double bond formation usually terminates the 
cyclization process.  Two bicyclic enantiomers, (+)-copalyl PP (labdadienyl PP) and (-)-
copalyl PP (ent-copalyl PP) are formed via enzymatic regulation of the folding of 
geranylgeranyl diphosphate on the surface of the two enzymes, either copalyl and ent-copalyl 
diphosphate synthase.  Further enzymatic modifications and reduction of copaly and ent-
copalyl diphosphate synthase give the labdane and ent-labdane series of diterpenoids.  (Scheme 
3).146,145  The two enantiomers differ in the configurations at the C-5, C-9 and C-10 chiral 
centres, forming the ent- and normal series of labdane diterpenes respectively.146  Normal cis- 
and trans- isomers of clerodane diterpenoids and their ent- epimers arise from normal and ent- 
labdanes by two methyl migrations respectively.144,145  The termination of cyclization is usually 
accomplished by hydration of the cation or by another appropriate rearrangement (Scheme 
4).145  
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Scheme 3: The formation of bicyclic diterpenes (ent-labdane and labdane from (-)-copalyl and (+)-copalyl 
diphosphate).146,145 
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Scheme 4: The formation of bicyclic diterpenoids (ent-clerodane and clerodane from (-)-copalyl and (+)-
copalyl diphosphate).148 
 
2.5.1.3. The biosynthesis of tricyclic diterpenoids  
Tricyclic diterpenes arise by further cyclization of (+)-copalyl PP and (-)-copalyl PP (ent-
copalyl PP) through loss of the pyrophosphate group followed Wagner-Meerwein shifts.  
Isopimaranes arise through the cyclization of (+)-copalyl PP, catalyzed by abietadiene 
synthase, which can occur by attack on C-13 by the exocyclic double bond or by the migration 
of the C-13 double bond and stabilization of the cation by elimination of a proton from C-7 or 
C-14.  Protonation of the exocyclic alkene allows for methyl migration (1, 2 shift) and 
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modification of the side chain.  An abietenyl carbocation is formed as an intermediate and loss 
of a proton (H-8) generates the abietadiene (Scheme 5).145 
 
 
Scheme 5: The formation of abietadiene from copalyl diphosphate.145 
 
2.5.1.4. The biosynthesis of tetracyclic diterpenoids 
A sequence of rearrangement and cyclization of ent-copalyl PP, catalysed by ent-kaurene 
synthase, results in the formation of ent-kaurane through the loss of diphosphate with 
generation of an ent-pimarenyl carbocation to form the fourth ring system.  Subsequently, 
cyclization of the alkene onto the cation produces a five-membered ring with a secondary 
carbocation.  This is then followed by a Wagner-Meerwein shift of the methyl group to form a 
tertiary carbocation.  The loss of a methyl proton (C-17) generates the exocyclic double bond 
of the ent-kaurene as shown in Scheme 6.146  
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Scheme 6: Formation of ent-kaurene from ent-copalyl diphosphate.145 
The further modification of diterpenoids by oxidations may end in the formation of lactones 
for the bicyclic systems and the corresponding acids for the tri– and tetra cyclic systems.  
Glycosylation of these substrates is also possible leading to further structural variation, 
diversification and hydration of some of the carbocation intermediates, likewise, leads to other 
structures.146 
 
2.6. Conclusion 
Phytochemical studies of the African Croton genus thus far have yielded one hundered and 
thirty-five diterpenoids, representing the clerodane, halimane, labdane, pimarane, kaurane, 
atisane, tigliane, abietane, trachylobane, crotofolane, daphnane, cembrane and phytanes classes 
as shown in Table 1 from thirty-three Croton species.  The species that have received most 
attention are C. zambesicus, C. lobatus and C. macrostachyus, with more than three research 
groups reporting their chemistry, ethnobotany or biological activities.  The widespread nature 
of the genus, in addition to the significant traditional uses reported for the various species, 
serves to emphasise the need for further work on the genus to understand the chemistry and 
significance of the compounds isolated.  Table 1 outlines the distribution of these classes of 
compounds among the various Croton species investigated as shown below.  
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Table 1: Distribution of classes of compounds in African Croton species 
Clerodane Halimane Labdane Kaurane Trachylobane Atisane 
C. hovarum 
C. jatrophoides 
C. mayumbensis  
C. macrostachyus 
C. megalocarpus 
C. membranaceus 
C. argyrodaphne 
C. dichogamus 
C. haumanianus 
C. oligandrus 
C. sylvaticus 
C. zambesicus 
C. jatrophoides  
C. macrostachyus 
C. dichogamus 
C. mayumbensis 
C. penduliflorus 
C. sylvaticus 
 
C. membranaceus  
C. pseudopulchellus 
C. zambesicus 
C. geayi 
C. hirtus 
C. oligandrus 
 
C. pseudopulchellus 
C. zambesicus 
C. geayi 
C. hirtus 
C. macrostachyus 
C. zambesicus 
C. megalocarpoides 
C. oligandrus 
C. barorum 
C. goudotii 
Pimarane Tigliane Daphnane Crotofolane Cembrane Phytane 
C. zambesicus C. alienus  
C. macrostachyus 
C. steenkampianus 
C. megalobotrys 
C. mauritianus 
C. steenkampianus C. dichogamus 
C. haumanianus 
C. gratissimus C. lobatus  
C. zambesicus 
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Triterpenoids Phytosterols Flavonoids N-containing cpds Sesquiterpenoids  Cyclohexane 
derivatives 
C. hovarum 
C. gratissimus 
C. lobatus 
C. macrostachyus 
C. pseudopulchellus 
C. zambesicus 
C. sylvaticus 
C. megalocarpoides 
C. megalocarpus 
C. oligandrus 
 
C. alienus 
C. gratissimus 
C. lobatus 
C. pseudopulchellus 
C. sylvaticus 
C. macrostachyus 
C. membranaceus 
C. oligandrus 
 
 
 
C. macrostachys 
C. megalocarpus 
C. argyrodaphne 
C. gratissimus var. 
gratissimus 
C. hovarum 
C. lobatus 
C. menyharthii 
C. steenkampianus 
 
C. alienus 
C. sylvaticus  
C. membranaceus 
C. gubouga 
C. lobatus 
C. menyharthii 
C. sylvaticus 
 
C. pseudopulchellus 
C. dichogamus 
C. geayi 
C. sylvaticus 
C. alienus  
C. macrostachyus 
C. dichogamus 
C. oligandrus 
C. steenkampianus 
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CHAPTER 3 THE CHEMISTRY OF CROTON MUBANGO 
3.1. Introduction  
3.1.1. Botanical aspects 
Croton mubango (Euphorbiaceae) Müll. Arg. is a very elegant shrub or tree with a thick, 
spreading crown that can get up to 17 metres tall.  The bole can be up to 30 cm in diameter.  It 
is found in Central African Republic, Gabon, the Republic of Congo and Angola.149  In Congo 
(DR), the plant is used in traditional medicine to treat cancer, wounds, toothache, skin 
eruptions, inflammation, fever, gastritis, abdominal pain and dysentery. 
 
 
Figure 3: Leaves of Croton mubango Müll. Arg. 
There are no reports on the phytochemistry of Croton mubango in the literature. However, the 
CH2Cl2 and MeOH extracts of the stem bark of C. mubango have been reported to show in 
vitro activity against Plasmodium falciparum of IC50=3.2 µg/mL.
150  
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3.1.2 The phytochemical investigation of the leaves extract of Croton mubango 
In this study, the leaves of Croton mubango yielded twenty-two compounds, including fifteen 
ent-abietanes (CM-1 – CM-15) and two ent-pimaranes (CM-16 – CM-17), and a phytane 
(CM-18), along with a sesquiterpene, caryophyllene oxide (CM-19), a derivative of 
chlorophyll (CM-20), sitosterol and sitosterone.  There are two enantiomeric classes of 
diterpenoids, the normal- and the ent- series.  A certain plant usually produces only one class 
since they are formed by enzymic reactions, where the enzyme has a specific conformation. 
Therefore, the enzyme converts the C-20 diterpenoid chain into a cyclic structure with a 
specific configuration.  Electronic circular dichroism (ECD) is a technique used to determine 
whether a compound is normal- or ent-.  The structures of normal and ent- abietanes and 
pimaranes are shown below in Figures 4-5. 
 
 
 
 
Figure 4: 2D and 3D structures showing the normal (left) and the ent- (right) abietane skeleton. 
 
 
 
 
  
  
  
 
Figure 5: 2D and 3D structures showing the normal (left) and the ent- (right) pimarane skeleton 
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The methods used in the structural elucidation of the compounds isolated from Croton 
mubango are described in the Experimental section 8.2.2 and the structures of the compounds 
isolated in this study are given in Figure 6.  
 
Figure 6: Compounds isolated from the leaves of Croton mubango (CM-1 – CM-20). 
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The compounds originate biosynthetically from the ent-pimarenyl cation.  The proposed 
biosynthetic routes for the formation of compounds CM-1 – CM-17 are illustrated in Scheme 
7 and Scheme 8 below. 
 
 
Scheme 7: Interrelationship of ent-abietanes and ent-pimaranes isolated from the leaves of Croton 
mubango 
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Scheme 8: Interrelationship of ent-abietanes isolated from the leaves of Croton mubango. 
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3.2 Results and Discussion 
3.2.1 Structural elucidation of compound CM-1: Ent-abieta-7,13-dien-3-one 
(Appendices 1-10) 
Compound CM-1 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango and was found to be the known diterpenoid, ent-abiet-7,13-dien-3-one, 
which has previously been isolated from Juniperus phoenicea151 and Solidago missouriensis.152 
 
Figure 7: The structure of compound CM-1: Ent-abieta-7,13-dien-3-one (showing correlations seen in the 
NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-1 
gave a [M+H]+ peak at m/z 287.2373, indicating a C20H30O molecuar formula and six degrees 
of unsaturation for compound CM-1.  The FTIR spectrum showed absorption bands at 3055 
cm-1 for =C-H stretch and at 2965 cm-1 and 2869 cm-1 for C-H aliphatic stretches, and the 
presence of an absorption band at 1705 cm-1 for a carbonyl stretch.153 
The 1H NMR spectrum showed characteristic resonances for an isopropyl group with 
resonances at δH 2.25 (m), δH 1.00 (d, J = 7.0 Hz) and δH 1.02 (d, J = 7.0 Hz) for H-15, 3H-16 
and 3H-17 respectively.  In addition, the 1H NMR spectrum showed two alkene proton 
resonances at δH 5.81 (brs, W1/2 = 5.0 Hz) and δH 5.46 (brs W1/2 = 11.0 Hz) as well as three 
singlet methyl group proton resonances at δH 1.13 (s, 3H), δH 1.06 (s, 3H) and δH 1.02 (s, 3H). 
The 13C and DEPT NMR spectra showed twenty carbon resonances with five methyl (CH3), 
five methylene (CH2) and five methine (CH) carbon resonances, leaving five fully substituted 
carbon (C) resonances.  A carbon resonance at δC 217.0 was attributed to the presence of a 
ketone carbonyl carbon, and resonances at δC 120.9 (CH), δC 135.5 (C), δC 146.0 (C) and δC 
122.3 (CH) for olefinic carbon resonances.  The ketone and the two double bonds accounted 
for three degrees of unsaturation, therefore, compound CM-1 was determined to be a tricyclic 
abietane diterpenoid.146,144 
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From the HMBC spectrum, correlations were observed between two methyl group singlet 
resonances at δH 1.13 (3H-19) and δH 1.06 (3H-18) and the ketone carbon resonance at δC 217.0 
(C-3).  The corresponding carbon resonances for 3H-19 and 3H-18 were assigned using the 
HSQCDEPT spectrum as occurring at δC 22.4 and δC 25.2 respectively.  The differences in the 
chemical shift of the C-19 and C-18 methyl groups are consistent with data reported in the 
literature.151 
The 3H-19 and 3H-18 methyl group proton resonances showed correlations in the HMBC 
spectrum with the carbon resonances at δC 51.7 (CH, C-5) and δC 47.4 (C, C-4).  Furthermore, 
the C-5 resonance showed a correlation in the HMBC spectrum with a methyl group proton 
resonance at δH 1.02 (s, 3H-20).  The corresponding carbon resonance for C-20 occurred at δC 
13.7. The 3H-20 methyl group resonance showed correlations with a methylene carbon 
resonance at δC 38.3 (C-1), a fully substituted carbon resonance at δC 35.0 (C-10) and a methine 
carbon resonance at δC 50.3 (C-9) in the HMBC spectrum.  The proton resonances for the two 
H-1 and H-9 were assigned using the HSQCDEPT spectrum as δH 2.17 (m), δH 1.51 (dt, J = 
4.0 Hz, 14.0 Hz) and δH 1.87 (m) respectively.  The COSY spectrum showed coupling between 
the two H-1 proton resonances and deshielded methylene group resonances at δH 2.26 (m) and 
δH 2.75 (dt, J=5.5 Hz, 14.0 Hz) for the two H-2 protons adjacent to the C-3 keto group.  The 
corresponding C-2 carbon resonance was found to occur at δC 35.0 from the HSQCDEPT 
spectrum.  The deshielded chemical shifts of δH 2.26 (m) and δH 2.75 (dt, J = 5.5, 14.0) for the 
two H-2 resonances were due to the proximity to the ketone group at the C-3 position. 
The H-5 proton resonance was seen to couple with two proton resonances at δH 2.19 (m) and 
δH 2.14 (m), assignable to 2H-6.  The two H-6 resonances were also coupled to an alkene proton 
resonance at δH 5.46 (W1/2 = 11.0 Hz, H-7).  The carbon resonances for C-6 and C-7, were 
determined to occur at δC 24.4 and δC 120.9 respectively from the HSQCDEPT spectrum.  One 
of the 2H-6 proton resonance at 2.14 (m) showed a correlation in the HMBC spectrum with a 
fully substituted double bond carbon resonance at δC 135.5 (C-8).  The alkene proton resonance 
for H-7, δH 5.46 (m) showed a typical long-range coupling with another double bond proton 
resonance at δH 5.81 (brs, W1/2 = 5.0 Hz, H-14).  The C-14 carbon resonance was found to 
occur at δC 122.3 from the HSQCDEPT spectrum. 
The H-14 proton resonance showed correlations in the HMBC spectrum with carbon 
resonances at δC 120.9 (CH, C-7), δC 135.5 (C, C-8), δC 50.3 (C, C-9), δC 27.6 (CH2, C-12), and 
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δC 35.1 (CH, C-15).  The corresponding proton resonances for the two H-12’s overlapped at δH 
2.13 (m) and a proton resonance for C-15 was at δH 2.25 (m).  The H-15 proton resonance was 
coupled to two doublet methyl group resonances at δH 1.00 (d, J = 7.0 Hz) and δH 1.02 (d, J = 
7.0 Hz) for 3H-16 and 3H-17 respectively.  The two overlapped H-12 proton resonances 
showed coupling in the COSY spectrum to two proton resonances at δH 1.86 (m) and δH 1.31 
(m) assignable to two H-11 protons.  Furthermore, the two H-11 protons were seen to be 
coupled to the H-9 proton resonance in the COSY spectrum.  The carbon resonances for C-11, 
C-16 and C-17 were determined to be δC 22.9, δC 21.1 and 21.6 respectively from the 
HSQCDEPT spectrum.  
The data detailed above confirmed that a 3-keto group, and double bonds at C-7 and C-13 were 
present in an abietane diterpenoid.  The relative configuration of CM-1 was assigned using the 
NOESY experiment.  The NOESY spectrum showed correlations between the 3H-20 and 2H-
α, and 3H-20 and 3H-19 resonances comfirming that 3H-20 and 3H-19 were on the same face 
of the molecule.  The NOESY spectrum also showed correlations between the 3H-18 and H-5, 
3H-18 and H-9, and H-5 and H-9 resonances.  3H-18, H-5 and H-9 are on the other face of the 
molecule.  Based on the description detailed above, it was observed that the 13C NMR chemical 
shifts for C-5 and C-9 were interchanged in the literature but corrected and presented in Table 
2 using 2D NMR experiments.151  A specific rotation of [α]22
D
 -20 (c 0.20, CH2Cl2) was obtained 
for compound CM-1.  The negative sign of the specific rotation suggested that compound CM-
1 belonged to the ent-abietane series.154  A search in the literature for ent-abieta-7,13-dien-3-
one showed that compound CM-1 is known and was previously reported from Juniperus 
phoenicea.151  An electronic circular dichroism spectrum showed a positive Cotton effect at 
290 nm (∆E = +7) and  negative Cotton effects at 205 nm (∆E = -16) and at 197 nm (∆E = -18) 
showed that the 3H-20 and H-5 configuration were as presented and conform to the octant rule 
of compounds possessing a cyclohexanone ring.155  In order to determine the absolute 
configuration of compound CM-1, its theoretically calculated and experimental ECD curves 
were compared.  A conformational search on the (5S,9S,10S)-isomer of compound CM-1 using 
Spartan software to evaluate the conformer distribution at ground state with molecular 
mechanics force fields (MMFF) was undertaken.  MMFF analysis of compound CM-1 (of the 
ent diterpenoid series) gave six conformers, three of which were under 3 kcal/mol.  The three 
conformers, consistent with NOESY NMR experimental data, M0001 (0.00 kcal/mol), M0002 
(0.29 kcal/mol) and M0003 (0.41 kcal/mol), had Boltzmann distributions of 0.473, 0.288 and 
 3. The Chemistry of Croton mubango 
48 
 
 
0.238 respectively.  Each of these three conformers was subjected to TDDFT calculations using 
a B3LYP method at 6-31G** level built into Gaussian09 software (Frisch et al., 2016).156  The 
ECD curves for the three conformers were Boltzmann weighted and compared to the 
experimental ECD curve of compound CM-1 (Figure 8) which enabled the unambiguous 
assignment of the chiral centres of compound CM-1 as 5S, 9S and 10S.  To confirm this 
assignment, a theoretical ECD spectrum for the normal-enantiomer (CM-1a) of compound 
CM-1, also consistent with the NOESY NMR experimental data (5R, 9R and 10R), was 
obtained.  The theoretical ECD curve of CM-1a was opposite and equal in intensity to that of 
compound CM-1, confirming compound CM-1 was ent-abieta-7,13-dien-3-one.  As a plant 
normally produces compounds of either the normal or ent- series, it was expected that all the 
abietanes isolated in this work belong to the ent- series and this was confirmed by ECD analysis 
of further selected compounds.   
 
Figure 8: ECD spectra experimental and calculated ent- and normal series for compound CM-1 
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Table 2: Correlation table for NMR data of compound CM-1: Ent-abieta-7,13-dien-3-one. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
13C NMR (100 
MHz) in 
CDCl3151 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 38.3  CH2 38.1 
1.51  dt, J = 4.0, 
14.0 
3, 5, 9, 20 1α, 2α, 2β 2α, 2β, 20 
1β   2.17*  m 2, 3, 5, 9, 10, 20 1β, 2α, 2β 2α, 2β 
2α 35.0  CH2 34.9 2.26* m 1, 3 1β, 1α, 2α 
1α,1β, 2β, 
19,20 
2β   
2.75 dt, J = 5.5, 
14.0 
1, 3 1β, 1α, 2β 
1α, 1β, 
2α, 9,18 
3 217.0  C 216.3 - - - - 
4 47.4  C 47.6 - - - - 
5 51.7  CH 50.1 
1.67 dd J = 5.0, 
12.0 
4, 9, 10, 18, 19, 
20 
6α, 6β 9, 18 
6α 24.4  CH2 24.2 2.14  m 5, 7, 8, 10 5, 7 7 
6β   2.19*  m 5, 7, 10 5, 7 7 
7 120.9  CH 120.6 
5.46  brs W1/2 = 
11.0 
 6α, 6β 6α, 6β, 14 
8 135.5  C 135.5 - - - - 
9 50.3  CH 51.6 1.87  m 5, 8, 12 11β 2β, 5, 18 
10 35.0  C 34.9 - - - - 
11α 22.9  CH2 22.8 1.31  m 9, 12, 13 
9, 11α, 12α, 
12β 
11α, 12α, 
12β 
11β   1.86  m 9, 12, 13 
11β, 12α, 
12β 
11β, 12α, 
12β 
12α 27.6  CH2 27.4 2.13  m 13, 14, 15 11α, 11β, 14 11α, 11β 
12β   2.13  m 13, 14, 15 11α, 11β, 14 11α, 11β 
13 146.0  C 145.6 - - - - 
14 122.3  CH 122.3 
5.81 brs W1/2 = 
5.0 
7, 8, 9, 12, 15 12α, 12β, 
7, 15, 16, 
17 
15 35.1  CH 34.9 2.25* m 13, 14, 16, 17 16, 17 14 
16 21.1  CH3 21.4 1.00*  d, J = 7.0 13, 15, 17 15 14 
17 21.6  CH3 22.1 1.02*  d, J = 7.0 13, 15, 16 15 14 
18 25.2  CH3 25.1 1.06  s 3, 4, 5, 19 - 2β, 5, 9 
19 22.4  CH3 20.9 1.13  s 3, 4, 5, 18 - 2α, 20 
20 13.7  CH3 13.4 1.02  s 1, 5, 9 - 1α, 2α, 19 
*Overlapped proton resonances 
*C-5 and C-9 resonances interchanged in literature 
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3.2.2 Structural elucidation of compound CM-2: Ent-2α-hydroxyabieta-7,13-dien-3-one 
(Appendices 11-20) 
Compound CM-2 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango and was identified as the 2β-hydroxy derivative of compound CM-1 and 
has not been reported previously. 
 
Figure 9: The structure of compound CM-2: Ent-2α-hydroxyabieta-7,13-dien-3-one (showing correlations 
seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-2 
gave a [M-H]- peak at m/z 301.2171, indicating a C20H30O2 formula for compound CM-2 and 
six degrees of unsaturation.  The FTIR spectrum showed a broad absorption band at 3429 cm-
1, which was attributed to an OH stretch.  The FTIR spectrum also showed absorption bands at 
3057 cm-1 for =C-H stretch and at 2964 cm-1 and 2874 cm-1 for C-H aliphatic stretches, and at 
1714 cm-1 for a carbonyl stretch.153  
The NMR spectra were very similar to those of compound CM-1 except that the 1H NMR 
spectrum showed an oxymethine proton resonance at δH 4.61 (dd, J = 6.0 Hz, 13.0 Hz) and a 
hydroxy group proton resonance at δH 3.65 (brs, W1/2 =14.6 Hz) which did not correspond to 
any carbon in the HSQCDEPT spectrum.  This resonance was missing in compound CM-1.  
One additional oxygenated methine resonance at δC 69.2 was observed in the 13C NMR 
spectrum of compound CM-2 and not in compound CM-1 in the 13C NMR spectrum.  This 
hydroxy group was placed at C-2 due to the correlations seen in the HMBC spectrum between 
the two H-1 protons with the resonance at δC 69.2 (CH, C-2).  The H-2 proton resonance 
showed correlations in the HMBC with carbon resonances at δC 48.2 (CH2, C-1) and δC 47.4 
(C, C-4). 
The configuration at C-2 of compound CM-2 was assigned using the NOESY spectrum.  The 
NOESY spectrum showed correlations between the 3H-20, 3H-19 and H-2 resonances 
confirming that 3H-20, 3H-19 and H-2 were on the α face of the molecule.  The NOESY 
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spectrum also showed correlations between 3H-18 and H-5, H-5 and 2-OH resonances 
indicating that 3H-18, H-5 and 2-OH were on the β face of the molecule as expected and shown 
in Figure 9. 
The data above confirmed that compound CM-2 possessed a 2β-hydroxy, 3-keto group, and 
double bonds at C-7 and C-13.  This compound was determined to be ent-2α-hydroxyabieta-
7,13-dien-3-one, a 2β-hydroxy derivative of compound CM-1. 
The specific rotation for compound CM-2 was determined to be [α]22
D
 -25 (c 0.20, CH2Cl2), 
which confirmed that CM-2 belonged to the ent-abietane series.154  A search in the literature 
revealed that compound CM-2 has not been described previously.  An electronic circular 
dichroism spectrum showed a positive Cotton effect at 290 nm (∆E = + 8) and negative Cotton 
effects at 215 nm (∆E = - 14) and 197 nm (∆E = - 18) as shown in Figure 10, confirming the 
presence of diterpenoids of the ent- series for this extract. 
 
Figure 10: ECD spectra experimental and calculated ent- and normal series for compound CM-2. 
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Table 3: Correlation table for NMR data of compound CM-2: Ent-2α-hydroxyabieta-7,13-dien-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 48.2  CH2 1.30 m 2, 3, 5, 9, 10, 20 2, 1α 1α, 2 
1β  2.55 dd J = 6.0, 13.0 2, 3, 5, 9, 10, 20 2, 1β 1β, 2, 9, 20 
2 69.2  CH 4.61 dd J = 6.0, 13.0 1, 4 1α, 1β, 2-OH 1α, 1β, 19, 20 
3 216.5  C - - - - 
4 47.4  C - - - - 
5 52.5  CH 1.66 dd J = 5.0, 12.0 1, 4, 6, 10, 19, 20 6α, 6β 2-OH, 18 
6α 24.2  CH2 2.12 m 5, 7, 8, 10 5, 7 7, 19 
6β  2.21 m 7 5, 7 7 
7 120.3  CH 5.45 brs W1/2 = 11.0 5, 6, 9, 14 9, 6α, 6β 6α, 6β, 14, 15 
8 135.3  C - - - - 
9 50.4  CH 1.89 m 5, 8, 20 7, 11α, 11β 1α, 
10 35.6  C - - - - 
11α 22.9  CH2 1.28 m  
9, 11α, 12α 
12β 
12β 
11β  1.86 m 8, 9, 12, 13 
9, 11β, 12α 
12β 
12α 12β 
12α 27.5  CH2 2.12 m 9, 11, 13, 14, 15 11α, 11β, 14 11α, 12β 
12β  2.12 m 9, 11, 13, 14, 15 11α, 11β 11α, 12α 11β 
13 146.3  C - - - - 
14 122.1  CH 5.80 brs W1/2 = 5.0 7, 8, 9, 12, 15 12α, 12β, 15 7, 15, 16, 17 
15 35.1  CH 2.24 m 12, 13, 14, 16, 17 14, 16, 17 7, 14, 16, 17 
16 21.0  CH3 1.00 d J = 7.0 15 15 14, 15 
17 21.6  CH3 1.01 d J = 7.0 15 15 14, 15 
18 24.9  CH3 1.14 s 3, 4, 5, 19 - 5 
19 22.3  CH3 1.19 s 3, 4, 5, 18 - 2, 6β 
20 14.5  CH3 1.11 s 1, 5, 9 - 1α, 2 
2-
OH 
 3.65 brs W1/2 =14.6  2 5 
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3.2.3 Structural elucidation of compound CM-3: Ent-2α-acetoxyabieta-7,13-dien-3-one 
(Appendices 21-30) 
Compound CM-3, a yellow solid, was obtained by the acetylation of compound CM-2 with 
Ac2O in pyridine and was determined to be the 2β-acetyl derivative of compound CM-2 and 
was identified as ent-2α-acetoxyabieta-7,13-dien-3-one. 
 
Figure 11: The structure of compound CM-3: Ent-2α-acetoxyabieta-7,13-dien-3-one. 
The low-resolution electron impact mass spectrum (LREIMS) for compound CM-3 gave a 
molecular ion peak [M]+ at m/z 344.2, indicating a C22H32O3 molecular formula and seven 
degrees of unsaturation.  The FTIR spectrum showed absorption bands at 3058 cm-1 for =C-H 
stretch and at 2964 cm-1 and 2875 cm-1 for C-H aliphatic stretches, and at 1727 cm-1 and 1683 
cm-1 for a carbonyl stretches of a ketone and an ester respectively.153 
The 1H NMR spectrum showed an acetate methyl group proton resonance at δH 2.17 (s, 3H-2’ 
and the H-2 oxymethine proton resonance had been shifted downfield to δH 5.62 (dd, J = 6.0 
Hz, 13.0 Hz, H-2) for compound CM-3.  The C-2 resonance had shifted from δC 69.2 in CM-
2 to δC 71.9 in CM-3 and a carbonyl carbon resonance at δC 170.7 (C, C-1’) was observed for 
the acetate carbonyl carbon. 
The specific rotation for CM-3 was determined to be [α]22
D
 -10 (c 0.50, CH2Cl2).  
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Table 4: Correlation table for NMR data of compound CM-3: Ent-2α-acetoxyabieta-7,13-dien-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 44.2  CH2 1.60 m  2, 1α 1α 
1β  2.39 dd J = 6.0, 13.0 3 2, 1β 2, 1β 
2 71.9  CH 5.62 dd J = 6.0, 13.0 1 1α, 1β 
1α, 1β, 19, 
20 
3 209.3  C - - - - 
4 48.4  C - - - - 
5 52.1  CH 1.66 dd J = 5.0, 12.0 6 6α, 6β 
6α, 6β, 9, 
18 
6α 24.2  CH2 2.16 m  5, 7 7, 18 
6β  2.16 m  5, 7 7, 18 
7 120.6  CH 5.46 brs W1/2 = 11.0  6α, 6β 6α, 6β, 14 
8 135.2  C - - - - 
9 50.5  CH 1.92 m 12 11α, 11β, 14 5, 11α 
10 36.1  C - - - - 
11α 22.9  CH2 1.30 m  
9, 11α, 12α, 
12β 
 
11β  1.83 m  
9, 11β, 7, 12α, 
12β 
9 
12α 27.4  CH2 2.10 m  11α, 11β, 14  
12β  2.10 m  11α, 11β, 14  
13 146.1  C - - - - 
14 122.2  CH 5.80 brs W1/2 = 5.0  
9, 15, 16, 12α, 
12β 
7, 15, 16, 
17 
15 35.1  CH 2.22 m  7, 16, 17 14, 16, 17 
16 21.0  CH3 1.01 d J = 7.0 13, 15, 17 14, 15 14, 15 
17 21.6  CH3 1.02 d J = 7.0 13, 15, 17 14, 15 14, 15 
18 25.0  CH3 1.10 s 3, 4, 5, 19 - 5, 6α, 6β 
19 21.8  CH3 1.24 s 3, 4, 5, 18 - 2, 20 
20 14.5  CH3 1.15 s 1, 5, 9, 10 - 2, 19 
1’ 170.7  C - 2’ - - 
2’ 21.0  CH3 2.17 s 1’ - - 
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3.2.4 Structural elucidation of compound CM-4: Ent-15-hydroxyabieta-7,13-dien-3-one 
(Appendices 31-43) 
Compound CM-4 was isolated in minute quantities (1 mg) as a yellow solid from the 
dichloromethane extract of the leaves of Croton mubango.  This compound was determined to 
be a new 15-hydroxy derivative of compound CM-1. 
 
Figure 12: The structure of compound CM-4: Ent-15-hydroxyabieta-7,13-dien-3-one (showing 
correlations seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-4 
gave a [M+NH4]
+ peak at m/z 320.2590, which supported a C20H30O2 molecular formula for 
this compound.  This indicated that compounds CM-4 and CM-2 were isomers with six degrees 
of unsaturation.  The FTIR spectrum showed a broad absorption band at 3428 cm-1 for an OH 
stretch.  The FTIR spectrum also showed absorption bands at 3057 cm-1 for =C-H stretch and 
at 2970 cm-1 and 2876 cm-1 for C-H aliphatic stretches, and at 1712 cm-1 for a C=O stretch of a 
ketone.153 
The 1H NMR spectrum for CM-4 was similar to that of CM-2 except for the absence of an 
oxygenated methine proton resonance and the presence of a doublet of triplet resonance at δH 
2.75 (dt, J=5.3, 14.4), ascribable to H-2β that was observed in CM-1.  The 1H NMR spectrum 
observed for CM-4 showed proton resonances at δH 6.10 (d, J = 2.4 Hz, H-14), δH 5.57 (brs 
W1/2 = 10.0 Hz, H-7), δH 1.14 (s, 3H-19), δH 1.07 (s, 3H-18) and δH 1.02 (s, 3H-20) as were 
observed for CM-1 and CM-2.  The two 3H-16 and 3H-17 proton resonances were at δH 1.35 
(s, 3H-16) and δH 1.33 (s, 3H-17) and were slightly downfield compared to doublets observed 
in CM-1 and CM-2. HSQCDEPT and HMBC spectra were used to confirm the 13C NMR 
carbon resonances.  Correlations were observed in the HMBC spectrum between the 3H-16 
and 3H-17 proton resonances with the carbon resonance occurring at δC 72.7 and the hydroxyl 
group was therefore placed at C-15. 
The 13C NMR chemical shift for rings A, B and C for CM-4 were similar to those of CM-1.  
Compound CM-4 was found to be a 15-hydroxy derivative of CM-1 and therefore was 
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identified as a new ent-15-hydroxyabieta-7,13-dien-3-one.  The specific rotation for CM-4 was 
[α]22
D
 -45 (c 0.10, CH2Cl2).  The NOESY spectrum showed that the relative configurations at 
the chiral centres of CM-4 were the same as those of CM-1, CM-2, and CM-3 as expected. 
Table 5: Correlation table for NMR data of compound CM-4: Ent-15-hydroxyabieta-7,13-dien-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
in CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 38.5  CH2 1.52  m  1α, 2α, 2β 1α, 2β, 11β 
1β  2.16  m 2 1β, 2α, 2β 
1β, 2α, 7, 
18, 20 
2 α 35.0  CH2 2.26 m  1β, 1α, 2α 1β, 2α 
2 β  
2.75 dt, J = 5.5, 
14.0 
 1β, 1α, 2β 1α, 2β 
3 216.4  C - - - - 
4 48.1  C - - - - 
5 51.3  CH 
1.67 dd J = 5.0, 
12.0 
10 6α, 6β 9, 18 
6α 24.4  CH2 2.08  m  5, 7 6α, 9, 11α 
6β  2.17  m 8, 10 5, 7 9, 11α 
7 120.9  CH 5.57 brs W1/2 = 10.0  6α, 6β 1α, 14 
8 135.0  C - - - - 
9 50.0  C 1.89  m  11β 5, 6α, 6β 
10 35.0  C - - - - 
11α 22.7 CH2 1.31  m 9, 10, 12, 13 
9, 11α, 12α, 
12β 
1β 
11β  1.89  m  11β, 12α, 12β 
6α, 6β, 12α, 
12β 
12α 25.8  CH2 2.09  m 15 11α, 11β, 14 11α 
12β  2.13  m  11α, 11β, 14 11α 
13 145.4  C - - - - 
14 123.2  CH 6.10 d J = 2.4  12α, 12β, 7, 16, 17 
15 72.7  C - - - - 
16 28.8  CH3 1.35  s 13, 15, 17 - 14 
17 28.9  CH3 1.33  s 13, 15, 16 - 14 
18 25.1  CH3 1.07  s 3, 4, 5, 19 - 1α, 5 
19 22.6  CH3 1.14  s 3, 4, 5, 18 - 20 
20 13.6  CH3 1.02  s 1, 5, 9, 10 - 1α, 19 
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3.2.5 Structural elucidation of compound CM-5: Ent-13β,15-dihydroxyabieta-8(14)-en-
3-one (Appendices 44-63) 
Compound CM-5 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango and was identified as ent-13β,15-dihydroxyabieta-8(14)-en-3-one, a 
previously undescribed diterpenoid. 
 
Figure 13: The structure of compound CM-5: Ent-13β,15-dihydroxyabieta-8(14)-en-3-one (showing 
correlations seen in the NOESY spectrum). 
The HRESIMS spectrum of compound CM-5 gave a [M-H]- peak at m/z 319.2282 which 
indicated a molecular formula of C20H32O3 for the compound with five degrees of unsaturation.  
The FTIR spectrum showed absorption bands at 3428 cm-1 for an O-H stretch, 2970 cm-1 and 
2869 cm-1 for C-H aliphatic stretches, and the presence of an absorption band at 1705 cm-1 for 
a carbonyl stretch.153   
The 1H NMR spectrum, recorded in CDCl3, for compound CM-5 indicated the presence of one 
alkene proton resonance at δH 5.82 (brs W1/2 = 5.0 Hz) and five methyl group singlet proton 
resonances at δH 1.22 (s, 3H), δH 1.14 (s, 3H), δH 1.10 (s, 3H), δH 1.08 (s, 3H) and δH 1.01 (s, 
3H) (Table 7).   
The 13C NMR spectrum indicated that compound CM-5 possessed a ketone group shown by a 
resonance at δc 216.8, one alkene double bond, shown by resonances at δc 143.1 (C) and δc 
124.3 (CH), and two tertiary oxygenated carbons, due to resonances at δc 74.9 and δc 74.3.  The 
13C NMR, DEPT and HSQCDEPT spectra indicated that compound CM-5 possessed five 
methyl carbon (CH3), six methylene carbon (CH2), three methine carbon (CH) and six fully 
substituted carbon (C) resonances. 
The 13C NMR chemical shifts for ring A were similar to those of compound CM-1.  The 3H-
16 and 3H-17 proton resonances were singlets at δH 1.14 (s, 3H) and δH 1.22 (s, 3H) and slightly 
more downfield when compared to those of compound CM-1.  These two methyl proton 
resonances showed correlations in the HMBC spectrum with two oxygenated carbon 
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resonances at δc 74.9 and δc 74.3 which suggested oxygenation at the C-13 and C-15 positions 
and hydroxyl groups were placed there.  The two H-11 proton resonances, which were seen to 
be coupled to the H-9 resonance in the COSY spectrum, showed correlations in the HMBC 
spectrum with the resonance at δc 72.4 (C, C-13).  The two resonances at δc 74.9 and δc 74.3 
showed correlations in the HMBC spectrum with the double bond proton resonance at δH 5.65 
(brs, W1/2 = 5.0 Hz) and therefore, this proton resonance was assigned as H-14.  The data 
obtained when the sample was analyzed in DMSO are given in Table 6.  The H-14 resonance 
showed correlations in the HMBC spectrum with carbon resonances at δc 34.8 (CH2, C-7), δc 
49.7 (CH, C-9) and δc 29.4 (CH2, C-12). 
The configuration at chiral centres of compound CM-5 was deduced from the NOESY 
spectrum and found to be in accordance to the already described diterpenoids.  In addition, the 
correlations that were observed in the NOESY spectrum between the 13-OH proton resonance 
and 3H-20 resonance, indicated that the hydroxyl group was α configured. 
The specific rotation for compound CM-5 was determined to be [α]23
D
  -55 (c 0.20 CH2Cl2).  A 
search in the Scifinder 157 and DNP 158 databases showed that compound CM-5 has not been 
described, therefore, this is a new Δ8(14), 13α,15-dihydroxy derivative of an ent-abietane 
diterpenoid.  An electronic circular dichroism spectrum showed a positive Cotton effect at 290 
nm (∆E = + 0.6) and a negative Cotton effect at 202 nm (∆E = - 13) as shown in figure 14, 
confirming the presence of diterpenoids of the ent- series for this extract. 
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Figure 14: ECD spectra experimental and calculated ent- and normal series for 
compound CM-5 
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Table 6: Correlation table for NMR data (DMSO) of compound CM-5: Ent-13β,15-dihydroxyabieta-8(14)-
en-3-one. 
No. 
13C NMR (100 
MHz) in 
DMSO 
1H NMR (400 
MHz) 
in DMSO (J in 
Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 37.0  CH2 1.43 m 2, 9, 10 1α, 2α, 2β 1α, 2β, 19, 20 
1β  1.92 m 2, 3, 5, 9, 10 1β, 2α, 2β 1β, 2α, 5, 20 
2 α 34.4  CH2 2.04* m  1α, 1β, 2α 1β, 20 
2 β  2.66 dt, J = 5.5, 
14.0 
1, 3, 10 1α, 1β, 2β  1α 
3 215.3  C - - - - 
4 47.2  C - - - - 
5 54.2  CH 1.46* m 1, 6, 7, 10, 20 6α, 6β 1α, 6α, 7α, 9, 18 
6α 22.4  CH2 1.41 m 7, 10 5, 6α, 7α, 7β 6α, 7β 
6β  1.46* m 7, 8 5, 6β, 7α, 7β 5, 6β 
7α 34.8  CH2 2.04* m  6α, 6β, 7α 6β 
7β  2.28 m  6α, 6β, 7β, 14 5, 6α, 14 
8 139.5  C - - - - 
9 49.7  CH 1.62 m  11α, 11β, 14 5, 18 
10 37.2  C - - - - 
11α 17.7  CH2 1.68 m  9, 11α, 12α, 12β 11α, 12α, 12β 
11β  1.51* m 8, 9, 10, 12, 13 9, 11β, 12α, 12β 12α, 11β, 12β 
12α 
29.4  CH2 1.51* m 9, 11, 13, 15 11α, 11β, 12α 11α, 11β, 12α, 13-
OH 
12β 
 1.25 m  11α, 11β, 12β, 13-
OH 
11α, 11β, 12β 
13 72.4  C - - - - 
14 125.4  CH 5.65 brs W1/2 = 
5.0 
7, 9, 12, 13, 15 7β, 9 7β, 13-OH, 15-OH, 
20 
15 73.7  C - - - - 
16 24.9  CH3 1.01 s 13, 15, 17 - 13-OH, 15-OH 
17 24.6  CH3 1.06 s 13, 15, 16 - 13-OH, 15-OH 
18 25.4  CH3 0.99*  s 3, 4, 5, 19 - 5, 9, 15-OH 
19 22.0  CH3 0.99*  s 3, 4, 5, 18 - 1α 
20 14.2  CH3 0.93  s 1, 5, 9, 10 - 1β, 1α, 13-OH, 14 
13-
OH 
 3.87 s 12, 13, 14 12β 11α, 12α, 14, 16, 17, 
20 
15-
OH 
 3.91 s 13, 15, 16, 17  14, 16, 17, 18 
*Overlapped proton resonances 
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Table 7: Correlation table for NMR data (CDCl3) of compound CM-5: Ent-13β,15-dihydroxyabieta-8(14)-
en-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.8  CH2 1.52 m  1α, 2α, 2β 1α, 2β 
1β  2.03 m 3 1β, 2α, 2β 1β, 2α, 20 
2 α 35.0  CH2 2.30 m  1α, 1β, 2α 1β, 19, 20 
2 β  2.67 dt, J = 5.5, 
14.0  
1, 10 1α, 1β, 2β  1α, 5, 18 
3 216.8  C - - - - 
4 50.4  C - - - - 
5 55.4  CH 1.48 dd, J = 7.3, 
11.0  
 6α, 6β 2α, 9 
6α 22.9  CH2 1.51 m  5, 6α, 7α, 7β 7β 
6β  1.58 m  5, 6β, 7α, 7β 6β, 7β, 7α, 18 
7α 35.3  CH2 2.11 m  6α, 6β, 7α, 14 6α, 6β 
7β  2.38 m  6α, 6β, 7β, 6α, 14 
8 143.1  C - - - - 
9 50.4  CH 1.78 m  11α, 11β, 14 5 
10 37.9  C - - - - 
11α 18.2  CH2 1.68 m  9, 11α, 12α, 
12β 
11α 
11β  1.62 m  9, 11β, 12α, 
12β 
11β, 12α 
12α 29.9  CH2 1.25 m 13, 15 11α, 11β, 12α 12α 
12β  1.40 m 14 11α, 11β, 12β 11α, 12β 
13 74.3  C - - - - 
14 124.3  CH 5.82 brs W1/2 = 5.0 12 7α, 9 7β, 16 
15 74.9  C - - - - 
16 24.7  CH3 1.14 s 13, 15, 17 - 14 
17 24.5  CH3 1.22 s 13, 15, 16 -  
18 25.8  CH3 1.10 s 3, 4, 5, 19 - 2β, 6β 
19 22.6  CH3 1.08 s 3, 4, 5, 18 - 2α 
20 14.7  CH3 1.01 s 1, 5, 9, 10 - 1β, 2α 
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3.2.6 Structural elucidation of compound CM-6: Ent-2α,9,13-trihydroxyabieta-7-en-3-
one (Appendices 64-73) 
Compound CM-6 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango and was determined to be ent-2α,9,13-trihydroxyabieta-7-en-3-one, an 
undescribed abietane diterpenoid. 
 
Figure 15: The structure of compound CM-6: Ent-2α,9,13-trihydroxyabieta-7-en-3-one (showing 
correlations seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-6 
gave a [M+Na]+ peak at m/z 359.2178, indicating a C20H32O4 molecular formula for this 
compound.  The FTIR spectrum showed a broad absorption band at 3427 cm-1 that was 
attributed to a hydroxyl stretch.  The FTIR spectrum also showed absorption bands at 3057 cm-
1 for =C-H stretch and at 2970 cm-1 and 2869 cm-1 for C-H aliphatic stretches, and at 1705 cm-
1 for a carbonyl stretch.153 
The 1H NMR spectrum of compound CM-6 showed one alkene proton resonance at δH 6.16 
(brs W1/2 = 5.0 Hz, H-7), an oxygenated methine proton resonance at δH 4.60 (dd, J = 6.0 Hz, 
13.0 Hz), three methyl group singlet proton resonances at δH 1.37 (s, 3H), δH 1.19 (s, 3H) and 
δH 1.13 (s, 3H) and two methyl group doublet proton resonances at δH 0.98 (d, J = 7.0 Hz) and 
δH 0.96 (d, J = 7.0 Hz).  An additional hydroxyl proton resonance at δH 3.53 (d, J = 4.8 Hz) that 
did not correspond to any carbon in the HSQCDEPT spectrum was also observed (Table 9).   
The 13C NMR spectrum indicated that compound CM-6 possessed a ketone group due to the 
resonance at δc 215.4 (C), one double bond due to resonances at δc 143.4 (C) and δc 127.9 (CH), 
and three oxygenated carbons due to resonances at δc 80.7 (C), δc 79.7 (C) and δc 68.7 (CH).  
From the HMBC spectrum, the correlations between resonances at δH 4.60 (dd, J = 6.0 Hz, 13.0 
Hz, H-2) and δc 41.0 (C-1) determined the hydroxyl group was located at C-2.  The COSY 
spectrum showed coupling of the oxymethine proton resonance with the hydroxyl proton 
resonance as shown in Table 9.  The COSY spectrum, likewise showed coupling between H-5 
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and the 2H-6 resonances. In turn, the 2H-6 resonance showed coupling in the COSY spectrum 
with the H-7 double bond proton resonance.  The HMBC spectrum showed correlations from 
H-11β and H-12β to C-9 (δc 80.7) and from H-15, H-16 and H-17 to C-13 (δc 79.7) which 
allowed for the placement of the two additional hydroxyl groups at C-9 and C-13. 
The NMR data presented from the above results, showed the presence of three hydroxy groups 
(2β,9,13), a 3-keto group and one Δ7 double bond which confirmed that compound CM- 6 was 
ent-2α,9,13-trihydroxyabieta-7-en-3-one. 
The configurations at the chiral centres of compound CM-6 were assigned using the NOESY 
spectrum and DP4+ probability calculations.  The hydroxy group at C-2 was β, as confirmed 
by correlations seen in the NOESY spectrum between 3H-20, 3H-19 and H-2 on the α face of 
the molecule, and correlations in the NOESY spectrum between H-5 and 3H-18 resonances on 
the β face of the molecule.  The configurations at C-9 and C-13 for compound CM-6 were 
determined by calculating the DP4+ probability of the possible isomers following the protocol 
previously described.159,160  This method computes NMR shifts of isomeric compounds using 
quantum chemical calculations, which are then compared to the experimental NMR data in 
order to establish the stereochemistry of isomeric compounds.159  The overall results indicated 
that the (9R,13R)-isomer of CM-6 was the most likely isomer (Table 8).  Despite the 1H-DP4+ 
probability calculation initially suggesting the (9R,13S)-isomer as the correct isomer, this was 
outweighed by the contribution made by 13C-DP4+ data, which led to the final assignment of 
(9R, 13R) for compound CM-6.  Such discrepancies between 1H- and 13C-DP4+ data were 
analysed by Grimblat et al. 2015159 and were rationalized that a combined analysis corrects the 
anomaly.  In the different compounds of known stereochemistry examined in their case study, 
the misassignments were corrected when including both sets (1H and 13C) of data in the 
probability calculations.   
The specific rotation of [α]22
D
 -40 (c 0.40, CH2Cl2) was determined for compound CM-6.  A 
search in the Scifinder and DNP databases led to the conclusion that compound CM-6 was an 
undescribed abietane diterpenoid. 
 
 
 
 3. The Chemistry of Croton mubango 
63 
 
 
Table 8: DP4+ probability analysis for the four possible isomers of compound CM-6. (sDP4+ and uDP4+ 
refer to DP4+ calculation using scaled and unscaled chemical shifts respectively). 
 Probability (%) 
 
 
sDP4+ 
(H data) 
0.01 90.76 0.33 8.91 
sDP4+ 
(C data) 
0.88 0.18 43.58 55.36 
sDP4+ 
(all data) 
0.00 3.13 2.71 94.16 
uDP4+ 
(H data) 
0.02 71.63 2.76 25.58 
uDP4+ 
(C data) 
0.00 4.67 16.03 79.30 
uDP4+ 
(all data) 
0.00 13.88 1.84 84.28 
DP4+ 
(H data) 
0.00 96.60 0.01 3.39 
DP4+ 
(C data) 
0.00 0.02 13.73 86.25 
DP4+ 
(all data) 
0.00 0.54 0.06 99.39 
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Table 9: Correlation table for NMR data of compound CM-6: Ent-2α,9,13-trihydroxyabieta-7-en-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 41.0  CH2 1.97* dd J = 9.5, 13.0 2 1α, 2 1α 
1β  2.13* dd J = 6.0, 9.5 2, 3, 5, 9, 10 1β, 2 1β, 18 
2  68.7  CH 4.60 dd J = 6.0, 13.0 1 1α, 1β, 2-OH  1α, 19, 20 
3 215.4  C - - - - 
4 47.4  C - - - - 
5 45.3  CH 2.13* dd J = 6.0, 13.0 1, 3, 4, 6, 9, 10 6α 2-OH, 18 
6α 24.4  CH2 2.62* m  5, 6β, 7 7 
6β  2.62* m  5, 6α, 7 7, 20 
7 127.9  CH 6.16  brs W1/2 = 5.0   6α, 6β 6α, 6β, 17, 20 
8 143.4  C - - - - 
9 80.7  C - - - - 
10 39.7  C - - - - 
11α 22.1 CH2 1.52  m 12 11α, 12α, 12β 11α, 12β 
11β  2.12  m 8, 9, 10, 13 11β, 12α, 12β 11β, 18 
12α 25.3  CH2 1.97* dd J = 9.5, 13.0 9, 11, 13 11α, 11β, 12α 16, 17 
12β  1.54  m  11α, 11β, 12β 11β 
13 79.7  C - - - - 
14α 18.6  CH2 1.80*   14β 14β, 16 
14β  1.80*   14α 14α, 17 
15 32.3  CH 1.91  m 13, 14, 16, 17 16, 17 16, 17 
16 17.3  CH3 0.98 d J = 7.0 13, 15, 17 15 15, 12β, 14β 
17 17.6  CH3 0.96 d J = 7.0 13, 15, 16 15 7, 15, 12β, 
14α 
18 24.6  CH3 1.13  s 3, 4, 5, 19 - 1β, 5, 11β 
19 23.0  CH3 1.19  s 3, 4, 5, 18 - 2, 20 
20 19.4  CH3 1.37  s 1, 5, 9, 10 - 1β, 2, 6α, 19 
2-OH  3.53 d J = 4.8  2 5 
*Overlapped proton resonances 
  
 3. The Chemistry of Croton mubango 
65 
 
 
3.2.7 Structural elucidation of compound CM-7: Ent-abieta-8,11,13-trien-3-one 
(Appendices 74-84) 
Compound CM-7 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango.  This compound was found to be the ent-isomer of the known normal 
abieta-8,11,13-trien-3-one diterpenoid, which has previously been isolated from Salvia 
wiedemannii.161 
 
Figure 16: The structure of compound CM-7: Ent-abieta-8,11,13-trien-3-one (showing correlations seen 
in the NOESY spectrum). 
The HRESIMS for compound CM-7 showed a [M+H]+ peak at m/z 285.2219, indicating a 
molecular formula of C20H28O with seven degrees of unsaturation for this compound.  The 
FTIR spectrum showed absorption bands at 2961 cm-1 and 2850 cm-1 for C-H aliphatic stretches 
and 1706 cm-1 for the C=O stretch of a ketone.153  
The 1H NMR spectrum displayed the presence of an isopropyl group due to two doublet methyl 
group resonances at δH 1.22 (d, J = 7.0 Hz, 3H-16) and δH 1.22 (d, J = 7.0 Hz, 3H-17) which 
were seen to couple with an overlapped proton resonance at δH 2.88 (sep, J = 7.0 Hz, H-15) in 
the COSY spectrum.  The 1H NMR spectrum also showed three tertiary methyl group proton 
resonances at δH 1.14 (s, 3H-18), δH 1.16 (s, 3H-19) and δH 1.29 (s, 3H-20) and aromatic proton 
resonances at δH 7.17 (d, J = 8.0 Hz, H-11), δH 7.01 (dd, J = 2.0 Hz, 8.0 Hz, H-12) and δH 6.92 
(brs, W1/2 = 4.2 Hz, H-14).  
The 13C, DEPT and HSQCDEPT NMR spectra gave twenty carbon resonances for compound 
CM-7 suggesting a diterpenoid consisting of five methyl carbon resonances (CH3, δC 21.3, 
24.2, 24.2, 24.9, 27.1), four methylene carbon resonances (CH2, δC 20.5, 31.1, 34.9, 37.7), five 
methine carbon resonances (CH, δC 33.7, 50.9, 124.5, 125.6, 127.0), two sp3 quaternary carbons 
(C, δC 37.3, 47.6), three sp2 quaternary carbon resonances (C, δC 134.8, 145.0, 146.4) and one 
carbonyl carbon resonance at (δC 217.6).  The ketone and the three aromatic double bonds 
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accounted for four degrees of unsaturation indicating that compound CM-7 was a tricyclic 
diterpenoid.  The NMR data were consistent with a 8, 9, 11, 12, 13, 14 – dehydroabietane.  
The proton resonances at δH 7.17, δH 7.01 and δH 6.92 which corresponded with carbon 
resonances at δC 125.6 (CH), δC 124.5 (CH) and δC 127.0 (CH) in the HSQCDEPT spectrum 
were assigned as H-11, H-12 and H-14 respectively.  An analysis of the HMBC spectrum 
showed correlations from the H-11 to carbon resonances at δC 134.8 (C, C-8) and δC 146.4 (C, 
C-13), from H-12 to carbon resonances at δC 145.0 (C, C-9) and δC 127.0 (CH, C-14), and from 
H-14 to carbon resonances at δC 145.0 (C, C-9) and δC 124.5 (CH, C-12). Ring C was therefore 
aromatic.  The correlations from the two methyl group singlet resonances at δH 1.14 (s, 3H-18) 
and δH 1.16 (s, 3H-19) with the ketone carbon resonance at δC 217.6 (C) confirmed the 
placement at C-3.  
The data obtained above is consistent with a tricyclic abietane diterpenoid possessing a 3-
ketone of an 8,11,13- aromatic double bonds.  A specific rotation value of [α]22
D
 -40 (c 0.10, 
CH2Cl2) was measured for compound CM-7.  A search in the literature showed that the 
13C 
NMR chemical shifts similar to those of compound CM-7 had been reported for the normal 
series analogue, abieta-8,11,13-trien-3-one previously isolated  from the leaves of Salvia 
wiedemannii by Topcu et al.161  The authors did not report a specific rotation measurement nor 
any reason why their structure was assigned as belonging to the normal series.  However, 
differences were observed for the 13C NMR chemical shifts of C-5 and C-20 resonances of 
compound CM-7 and those of the reported compound, indicating that both compounds could 
be isomers (Table 10).  The NOESY spectrum showed correlations between the H-5 and 3H-
18 resonances, and 3H-19 and 3H-20 resonances as expected for an ent-abietane diterpenoid.154 
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Table 10: Correlation table for NMR data of compound CM-7: Ent-abieta-8,11,13-trien-3-one 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
13C NMR in 
CDCl3 161 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 37.7  CH2 37.95 1.92* dd, J = 3.0, 11.5 10, 20 1α, 2α, 2β 1α, 2β, 19 
1β   2.45 td, J = 7.5, 11.5 3, 5, 10, 20 1β, 2α, 2β 1β, 2α, 
11, 20 
2α 34.9  CH2 34.15 2.56 m  1, 3, 4, 10 1α, 1β, 2α 1β 
2β   2.66 dt, J = 3.0, 11.5 1, 3, 4, 10 1α, 1β, 2β  1α, 5 
3 217.6  C 216.20 - - - - 
4 47.6  C 47.51 - - - - 
5 50.9  CH 54.11 1.93* dd, J = 3.0, 11.5 4, 18 6α, 6β 2β, 7β, 18 
6α 20.5  CH2 19.28 1.81 m 5, 7, 8, 10 5, 6α, 7α, 
7β 
7α, 7β, 20 
6β   1.82 m 8 5, 6β, 7α, 
7β 
7α, 7β, 18 
7α 31.1  CH2 30.15 2.87 m  6α, 6β, 7α, 
14 
6α, 6β, 
14, 16, 17 
7β   2.93 m 8, 9 6α, 6β, 7β, 
14 
5, 6α, 6β, 
14, 16, 17 
8 134.8  C 134.63 - - - - 
9 145.0  C 146.29 - - - - 
10 37.3  C 37.22 - - - - 
11 125.6  CH 124.12 7.17 d J = 8.0 8, 9, 10, 13 12 1β, 20  
12 124.5  CH 123.73 7.01dd J = 2.0, 8.0 9, 11, 13, 14 11, 14 15, 16, 17 
13 146.4  C 145.15 - - - - 
14 127.0  CH 126.32 6.92 brs W1/2 = 4.2 7, 9, 12, 13, 
15 
7α, 7β, 12 7α, 7β, 
15, 16, 17 
15 33.7  CH 33.31 2.88 sep J = 7.0 12, 13, 14, 
16, 17 
16, 17 12, 14, 16, 
17 
16 24.2  CH3 24.10 1.22* d J = 7.0 13, 15, 17 15 7α, 7β, 
12, 14, 15 
17 24.2  CH3 24.10 1.22* d J = 7.0 13, 15, 16 15 7α, 7β, 
12, 14, 15 
18 27.1  CH3 26.72 1.14 s 3, 4, 5, 19 - 5, 6β 
19 21.3  CH3 21.35 1.16 s 3, 4, 5, 18 - 1α, 20 
20 24.9  CH3 15.71 1.29 s 1, 5, 9, 10 - 1β, 6α, 
11, 19 
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3.2.8 Structural elucidation of compound CM-8: Ent-7α-hydroxyabieta-8,11,13-trien-3-
one (Appendices 85-97) 
Compound CM-8 was isolated as a yellow solid from the dichloromethane extract of the leaves 
of Croton mubango.  Compound CM-8 was found to be a 7β-hydroxy derivative of compound 
CM-7.  This compound was identified as the ent-isomer of the known normal series 7α-
hydroxyabieta-8,11,13-trien-3-one, previously isolated from the leaves of Juniperus 
phoenicea.162 
 
Figure 17: The structure of compound CM-8: Ent-7α-hydroxyabieta-8,11,13-trien-3-one (showing 
correlations seen in the NOESY spectrum). 
The HRESIMS analysis of compound CM-8 showed a [M+H]+ peak at m/z 301.2169 which is 
consistent with a C20H28O2 molecular formula for this compound, with seven degrees of 
unsaturation.  This molecular formula indicated that compound CM-8 has one extra oxygen 
atom compared to CM-7.  The FTIR spectrum showed absorption bands at 3431 cm-1 for an 
O-H stretch, 2964 cm-1 and 2874 cm-1 for C-H aliphatic stretches, and the presence of an 
absorption band at 1706 cm-1 for a ketone.153  
The similarities in the 1H NMR spectrum of compounds CM-7 and CM-8 suggested that the 
two compounds possessed the same basic skeleton.  An oxymethine proton resonance at δH 
4.88 (dd, J = 1.4 Hz, 3.5 Hz) was observed in the 1H NMR spectrum of compound CM-8.  
The 13C NMR data for compound CM-8 were similar to those of compound CM-7 except for 
the presence of oxygenated methine carbon resonance at δC 68.4 (CH, C-7) instead of a 
methylene carbon in compound CM-7.  The HMBC spectrum showed correlations between 
the oxymethine proton resonance at δH 4.88 (dd, J = 1.4 Hz, 3.5 Hz, H-7) and carbon resonances 
at δC 44.1 (CH, C-5), δC 135.9 (C, C-8), δC 145.1 (C, C-9) and δC 127.3 (CH, C-14) (Table 11).  
The H-7 resonance showed coupling with the two H-6 resonances at δH 1.25 (m) and δH 1.97 
(m) which were further coupled to the H-5 resonance at δH 2.35 (dd, J = 3.0, 12.0 Hz).  The 
significantly upfield chemical shift of C-5 (δC 44.1 compared to δC 50.9 in compound CM-7) 
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due to the γ-gauche effect indicated that the hydroxyl group at C-7 was β-axial,163 and this was 
confirmed by the correlation seen in the NOESY spectrum between the H-7 and the α-
configured 3H-20 methyl group proton resonance.  A specific rotation of [α]22
D
 -5 (c 0.40, 
CH2Cl2) was determined for compound CM-8.  This compound was identified as the 
previously unreported ent-7α-hydroxyabieta-8,11,13-trien-3-one. The normal series analogue 
has been reported from Juniperus phoenicea162 but no specific rotation was reported in the 
literature.  
Table 11: Correlation table for NMR data of compound CM-8: Ent-7α-hydroxyabieta-8,11,13-trien-3-one. 
No. 
13C NMR 
(125 MHz) in 
CDCl3 
13C NMR in 
CDCl3 162 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.4  CH2 37.3 1.97 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 
1α, 2α, 
2β, 19, 
20 
1β   
2.50 ddd J = 4.0, 
7.5, 11.5 
2, 3, 5, 10, 20 1β, 2α, 2β 
1β, 11, 
20 
2 α 34.8  CH2 34.6 
2.64 ddd J = 3.0, 
7.5, 11.5 
1, 3, 4, 10 1α, 1β, 2β 1β 
2 β   
2.70 dt J = 3.0, 
11.5 
1, 3, 4, 10 1α, 1β, 2α 1β, 19 
3 217.3  C 216.6 - - - - 
4 47.1  C 46.9 - - - - 
5 44.1  CH 44.1 
2.35 dd J = 3.0, 
12.0 
4, 6, 7, 9, 10, 18, 
19, 20 
6α 18 
6α 29.3  CH2 29.3 1.25 m 4, 5, 10 6α 6α, 7 
6β   1.97 m 4, 5, 7, 8, 10 5, 6β, 7 6β 
7 68.4  CH 68.3 
4.88 dd J = 1.4, 
3.5 
5, 8, 9, 14 6α 
6α, 12, 
14, 20 
8 135.9  C 135.9 - - - - 
9 145.1  C 147.2 - - - - 
10 37.4  C 37.3 - - - - 
11 125.7  CH 127.1 7.22 d J = 8.0 8, 9, 10, 12, 13 12 1β, 18 
12 128.0  CH 125.5 
7.16 dd J = 2.0, 
8.0 
9, 11, 13, 15 11, 14 
7, 15, 
16, 17 
13 147.4  C 145.0 - - - - 
14 127.3  CH 127.8 7.18 d J = 2.0 7, 8, 9, 12, 13, 15 12 7, 15 
15 33.8  CH 33.6 2.89 sep J = 7.0 12, 13, 14, 16, 17 16, 17 12, 14 
16 24.2  CH3 23.8 1.24 d J = 7.0 13, 15, 17 15 12 
17 24.1  CH3 23.8 1.24 d J = 7.0 13, 15, 16 15 12 
18 26.9  CH3 26.8 1.20 s 3, 4, 5, 19 - 5, 11 
19 21.3  CH3 21.1 1.14 s 3, 4, 5, 18 - 
1α, 2α, 
20 
20 24.0  CH3 23.9 1.23 s 1, 5, 9, 10 - 
1β, 7, 
19 
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3.2.9 Structural elucidation of compound CM-9: Ent-7α-acetoxyabieta-8,11,13-trien-3-
one (Appendices 98-110) 
Compound CM-9 was purified as a yellow solid from the acetylation of compound CM-8 and 
was characterised to be the acetylated derivative of compound CM-8, ent-7α-acetoxyabieta-
8,11,13-trien-3-one. 
 
Figure 18: The structure of compound CM-9: Ent-7α-acetoxyabieta-8,11,13-trien-3-one. 
The LREIMS spectrum for compound CM-9 gave a molecular ion peak [M]+ at m/z 342.1 
which indicated a molecular formula of C22H30O3 and eight degrees of unsaturation were 
determined for compound CM-9.  The FTIR spectrum showed absorption bands at 2961 cm-1 
and 2853 cm-1 for C-H aliphatic stretches, and at 1732 cm-1 and 1709 cm-1 for a carbonyl 
stretches of an ester and a ketone.153   
The 1H NMR spectrum of compound CM-9 was almost the same as that of compound CM-8 
except for an additional acetate group singlet methyl group proton was present at  δH 2.07 (s, 
3H-2’) and a downfield shift for the H-7 oxymethine proton resonance from δH 4.88 (dd, J = 
1.4 Hz, 3.5 Hz, H-7) in compound CM-8 to δH 6.04 (dd, J = 1.4 Hz, 3.5 Hz, H-7) in compound 
CM-9. 
A specific rotation value of [α]22
D
 -20 (c 0.10, CH2Cl2) was determined for compound CM-9. 
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Table 12: Correlation table for NMR data of compound CM-9: Ent-7α-acetoxyabieta-8,11,13-trien-3-one 
No. 
13C NMR (125 
MHz) in CDCl3 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.4  CH2 2.06 m 2, 5, 10, 1α, 2α, 2β 
1α, 2α, 2β, 7, 
19 
1β  
2.50 ddd J = 4.0, 
7.5, 11.5 
2, 3, 5, 10, 20 1β, 2α, 2β 
1β, 2α, 11, 14, 
20 
2 α 34.9  CH2 
2.63 ddd J = 3.0, 
7.5, 11.5 
1, 3, 10 1α, 1β, 2α 1β 
2 β  
2.72 dt J = 3.0, 
11.5 
1, 3, 10 1α, 1β, 2β 1α, 1β 
3 216.7  C - - - - 
4 47.0  C - - - - 
5 45.0  CH 
2.32 dd J = 3.0, 
12.0 
1, 4, 6, 7, 10, 18, 19, 20 6α, 6β 6β, 18 
6α 26.9  CH2 1.99 m 4, 5, 7, 8, 10, 1’ 5, 6α, 7 7, 19 
6β  2.03 m 4, 5, 7, 8, 10 5, 6β, 7 5 
7 70.8  CH 6.04 dd J = 1.4, 3.5 5, 8, 9, 14, 1’ 6α, 6β 1β, 6β, 12, 20 
8 131.9  C - - - - 
9 146.0  C - - - - 
10 37.4  C - - - - 
11 125.7  CH 7.24 d J = 8.0 8, 9, 10, 12, 13 12 1β, 20 
12 128.6  CH 7.21 dd J = 2.0, 8.0 9, 11, 13, 14, 15 11, 14 7, 15, 16, 17 
13 147.3  C - - - - 
14 127.8  CH 7.20 d J = 2.0 8, 9, 12, 11, 13, 15 12 1β 
15 33.7  CH 2.87 sep J = 7.0 12, 13, 14, 16, 17 16, 17 12, 16, 17 
16 24.2  CH3 1.24 d J = 7.0 13, 15, 17 15 12, 15 
17 24.0  CH3 1.23 d J = 7.0 13, 15, 16 15 12, 15 
18 26.5  CH3 1.13 s 3, 4, 5, 19 - 5, 2’ 
19 21.2  CH3 1.12 s 3, 4, 5, 18 - 1α, 6α, 20 
20 23.8  CH3 1.25 s 1, 5, 9, 10 - 1β, 7, 11, 19 
1’ 170.8  C - 2’ - - 
2’ 21.7 CH3 2.07 s 1’, 7 - 18 
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3.2.10 Structural elucidation of compound CM-10: Ent-2α,7α-dihydroxyabieta-8,11,13-
trien-3-one (Appendices 111-125) 
Compound CM-10 was isolated as a yellow solid from the CH2Cl2 extract of the leaves of 
Croton mubango.  Compound CM-10 was identified as the previously unreported ent-2α,7α-
dihydroxyabieta-8,11,13-trien-3-one diterpenoid. 
 
Figure 19: The structure of compound CM-10: Ent-2α,7α-dihydroxyabieta-8,11,13-trien-3-one (showing 
correlations seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-10 
gave a [M+H]+ peak at m/z 317.2116, which indicated a C20H28O3 molecular formula with 
seven degrees of unsaturation for this compound.  The FTIR spectrum showed a broad 
absorption band at 3436 cm-1 that was attributed to a hydroxyl stretch.  The FTIR spectrum 
also showed absorption bands at 2963 cm-1 and 2874 cm-1 for C-H aliphatic stretches, and at 
1715 cm-1 for a carbonyl stretch.153  The comparison of the NMR data described above, with 
those of CM-7 and CM-8 indicated that compound CM-10 was an analogue, except that two 
hydroxyl groups at C-2 and C-7 were present in compound CM-10.  
The 1H NMR spectrum of compound CM-10 was similar to those recorded for CM-7, CM-8 
and CM-9 with an oxymethine proton resonance at δH 4.74 (dd, J = 6.0 Hz, 13.0 Hz, H-2) as 
was for CM-2 and CM-6, but not present in CM-7, CM-8 and CM-9.  Additionally, a proton, 
assigned as H-7 observed for CM-8 was present in compound CM-10 with a resonance at δH 
5.10 (dd, J = 1.4 Hz, 3.5 Hz, H-7).  The COSY spectrum showed an AMX system between the 
oxymethine, H-2 proton resonance at δH 4.74 and the two non-equivalent H-1 (δH 2.99 and δH 
1.69, both dd, J = 6.0 Hz, 13.0 Hz) resonances, and the H-2 resonance showed correlations 
with the C-4 (δC 46.7) and C-10 (δC 38.3) resonances in the HMBC spectrum.  The C-2 carbon 
resonance was found to occur at δC 69.8 using the HSQCDEPT spectrum.  The H-5 proton 
resonance at δH 2.15 was observed to be coupled with two H-6 resonances at (δH 2.50, m and 
δH 2.08, m).  The two H-6 proton resonances, in turn, were coupled to the H-7 resonance. 
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The NOESY spectrum was used to assign the configurations at C-2 and C-7 of this abietane 
diterpenoid.  The 3H-20 proton resonance showed a correlation with the H-2 proton resonance, 
indicating that 3H-20 and H-2 were on α face of the molecule.  Similarly, the 3H-20 proton 
resonance showed correlation with H-14 proton resonance, and in turn, the H-14 proton 
resonance showed a correlation with H-7 proton resonance.  However, as the aromatic ring is 
planar, the configuration at C-7 cannot be determined from this correlation.  As the shape and 
coupling constants of the H-7 resonances were similar in the spectra of CM-8 and CM-10, it 
could be assumed that in both cases the hydroxy group was β.  This established the β-orientation 
of the 2-OH and the 7-OH groups. A specific rotation value of [α]22
D
 -40 (c 0.10, CH2Cl2) was 
determined. 
Table 13: Correlation table for NMR data of compound CM-10: Ent-2α,7α-dihydroxyabieta-8,11,13-trien-
3-one. 
No. 
13C NMR (125 
MHz) in CDCl3 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 47.2  CH2 1.69 dd J = 6.0, 13.0 2, 3, 10, 20 1α, 2 1α 
1β  2.99 dd J = 6.0, 13.0 2, 3, 5, 10, 20 1β, 2 1β, 2, 11, 12 
2 69.8  CH 4.74 dd J = 6.0, 13.0 4, 10 1α, 1β 1α, 20 
3 215.7  C - - - - 
4 46.7  C - - - - 
5 46.8  CH 2.15 m 
1, 4, 6, 10, 19, 
20 
6α, 6β 18 
6α 24.0  CH2 2.08 m  5, 6α, 7 7 
6β  2.50 m 7 5, 6β 7 
7 81.5  CH 5.10 dd, J = 1.4, 3.5  6β 6α, 6β, 14 
8 129.7  C - - - - 
9 146.9  C - - - - 
10 38.3  C - - - - 
11 124.5  CH 7.26 d J = 8.0 8, 9, 12, 13 12 1β 
12 128.1 CH 7.20 dd J = 2.0, 8.0 9, 13, 14 11, 14 1β, 16 
13 147.3  C - - - - 
14 129.5  CH 7.24 d J = 2.0 8, 9, 12, 13 12 7 
15 33.7  CH 2.88 sep, J = 7.0 
12, 13, 14, 16, 
17 
16, 17 16, 17 
16 24.2  CH3 1.25 d J = 7.0 13, 15, 17 15 12, 15 
17 24.1  CH3 1.24 d J = 7.0 13, 15, 16 15 15 
18 24.8  CH3 1.29 s 3, 4, 5, 19 - 5 
19 21.9  CH3 1.23 s 3, 4, 5, 18 - 20 
20 24.7  CH3 1.45 s 1, 5, 9, 10 - 2, 19 
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3.2.11 Structural elucidation of compound CM-11: Ent-15-hydroxyabieta-8,11,13-trien-
3-one (Appendices 126-137) 
Compound CM-11, was isolated as a yellow solid from the dichloromethane extract of the 
leaves of Croton mubango and was determined to be a new 15-hydroxy derivative of compound 
CM-7.  This is the first report of the isolation of ent-15-hydroxyabieta-8,11,13-trien-3-one. 
 
Figure 20: The structure of compound CM-11: Ent-15-hydroxyabieta-8,11,13-trien-3-one (showing 
correlations seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-11 
gave a [M+H]+ peak at m/z 301.2172, indicating a C20H28O2 formula for CM-11 and seven 
degrees of unsaturation.  The FTIR spectrum showed absorption bands at 3436 cm-1 for an O-
H stretch, and at 2969 cm-1 and 2870 cm-1 for C-H aliphatic stretches, and absorption band at 
1705 cm-1 for a C=O stretch of a ketone.153 
NMR spectra were similar to CM-7 but the molecular formula showed one extra oxygen. 
Instead of 3H-16 and 3H-17 occurring as doublets, they now appeared as overlapped singlets 
at δH 1.57, slightly downfield from those in CM-7.  A fully substituted oxygenated carbon 
resonance was present at δC 72.5, indicating a hydroxyl group was present at C-15.  This was 
confirmed by correlations seen in the HMBC spectrum between the C-15 resonance and H-12 
(δH 7.19), H-14 (δH 7.26), 3H-16 (δH 1.57) and 3H-17 (δH 1.57) resonances. 
The NOESY spectrum confirmed that the configurations at the chiral centres for compound 
CM-11 were the same as noted for compound CM-7 as expected.  A specific rotation was 
determined to be [α]22
D
 -10 (c 0.30, CH2Cl2).  A search in Scifinder and the Dictionary of Natural 
Products databases did not return any search results for this compound. This compound was 
assigned as a new 15-hydroxy derivative of CM-7, compound CM-11 was named ent-15-
hydroxyabieta-8,11,13-trien-3-one. 
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Table 14: Correlation table for NMR data of compound CM-11: Ent-15-hydroxyabieta-8,11,13-trien-3-one. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.7  CH2 1.93* dd J = 3.0, 11.5 2, 5, 10, 20 1α, 2α, 2β 1α, 2α, 2β, 19 
1β  2.48 m 2, 3, 5, 9, 10, 20 1β, 2α, 2β 1β, 11, 20 
2 α 34.8  CH2 2.59 m 1, 3, 4, 10 1α, 1β, 2α 1β, 2α 
2 β  2.69 dt J = 5.5, 14.0 1, 3, 4, 10 1α, 1β, 2β 1β,  2β 
3 217.5  C - - - - 
4 47.6  C - - - - 
5 50.8  CH 1.93* dd J = 3.0, 11.5 
1, 3, 4, 6, 7, 9, 10, 
18, 19, 20 
6α, 6β 6β, 18 
6α 20.4  CH2 1.80 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 5, 7α, 7β 
6β  1.80 m 5, 7, 8, 10 5, 6α, 7α, 7β 7α, 7β, 20 
7α 31.2  CH2 2.81 m 5, 6, 8, 9, 14 6α, 6β, 7β, 14 6α, 6β 
β  2.81 m 5, 6, 8, 9, 14 6α, 6β, 7α, 14 6α, 6β 
8 134.9  C - - - - 
9 146.0  C - - - - 
10 37.3  C - - - - 
11 125.6  CH 7.23 d J = 8.0 8, 9, 10, 12, 13 12 1β, 20 
12 122.6  CH 7.26 dd J = 2.0, 8.0 9, 11, 13, 14, 15 11, 14 16, 17 
13 146.7  C - - - - 
14 125.1  CH 7.19 d J = 2.0 
7, 8, 9, 12, 11, 13, 
15 
7α, 7β, 14 16, 17 
15 72.5  C - - - - 
16 31.9  CH3 1.57* s 13, 15, 17 - 12, 14 
17 31.9  CH3 1.57* s 13, 15, 16 - 12, 14 
18 27.1  CH3 1.17 s 3, 4, 5, 19 - 5 
19 21.3  CH3 1.14 s 3, 4, 5, 18 - 1α, 20 
20 24.8  CH3 1.29 s 1, 5, 9, 10 - 1β, 6α, 11, 19 
*Overlapped proton resonances 
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3.2.12 Structural elucidation of compound CM-12: Ent-abieta-8,11,13-trien-3β-ol 
(Appendices 138-149) 
Compound CM-12 was isolated as a yellow solid from the dichloromethane extract of the 
leaves of Croton mubango.  This compound was determined to be a 3α-hydroxy derivative of 
compound CM-7, ent-abieta-8,11,13-trien-3β-ol, a previously undescribed diterpenoid.  The 
normal enantiomer of compound CM-12 has been isolated previously from Nepeta tuberosa 
subsp. reticulata.164   
 
Figure 21: The structure of compound CM-12: Ent-abieta-8,11,13-trien-3β-ol (showing correlations seen 
in the NOESY spectrum). 
The HRESIMS for compound CM-12 gave a [M-H]- peak at m/z 285.2214, indicating a 
C20H30O molecular formula for CM-12. This molecular formula corresponded to six degrees 
of unsaturation.  The FTIR spectrum showed absorption bands at 3419 cm-1 for an O-H stretch, 
2962 cm-1 and 2870 cm-1 for C-H aliphatic stretches.153  
The 1H NMR and the 13C NMR data for compound CM-12 showed similarities with those of 
the known compound CM-7, except for the presence of an oxygenated methine group 
resonances at δH 3.30 (dd, J = 6.3 Hz, 10.0 Hz, H-3) and δC 79.0 (CH, C-3) instead of the ketone 
carbonyl resonance at δC 217.6 (C, C-3).  Differences were also observed in the 13C NMR 
spectrum for C-4, C-18 and C-19 where compound CM-12 gave resonances at δC 39.2, δC 28.4 
and δC 15.6 respectively, whereas CM-7 gave resonances at δC 47.6, δC 27.1 and δC 21.3 
respectively.  The HMBC spectrum showed correlations between the H-3 resonance and the 
carbon resonances at δC 28.3 (CH2, C-2), δC 28.4 (CH3, C-18) and δC 15.6 (CH3, C-19) as given 
in Table 15, confirming this compound was a 3-hydroxy derivative of compound CM-7. 
The orientation of 3-OH group was determined as α, due to the H-3 resonance occurring at δH 
3.30 (dd, J = 6.3 Hz, 10.0 Hz), as expected for a 3α-hydroxy group of an ent-diterpenoid.165  
This was confirmed by correlations seen in the NOESY spectrum between the 3H-18 and H-3, 
and H-5 and H-3 resonances.  The specific rotation for compound CM-12 was measured to be 
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[α]22
D
 -5 (c 0.20, CH2Cl2), but a value of [α]D +37.26  (c 0.95, CHCl3) for the normal series was 
reported by Urones, et al.,164 for abieta-8,11,13-trien-3β-ol.  Compound CM-12 is proposed to 
be an enantiomer of the compound reported by Urones et al.,164 therefore, as for compound 
CM-1, this compound belonged to the ent abietane series. 
   
Table 15: Correlation table for NMR data of compound CM-12: Ent-abieta-8,11,13-trien-3β-ol. 
No. 
13C NMR 
(125 MHz) in 
CDCl3 
13C NMR 
(50.3 
MHz) in 
CDCl3 164 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.5  CH2 37.11 1.54 m   1α, 2α, 2β 1α, 20 
1β   2.29 dt, J = 3.5, 10.0 3 1β, 2α, 2β 1β, 2α, 
2β, 11, 20 
2α 28.3  CH2 28.19 1.78 m 1, 10 1α, 1β, 2β, 3  1α, 19 
2β   1.78 m  1, 10 1α, 1β, 2α, 3 1α, 19 
3 79.0  CH 78.90 3.30 dd, J = 6.3, 10.0 2, 18, 19 2α, 2β 5, 18 
4 39.2  C 39.09 - - - - 
5 50.1  CH 50.04 1.34 dd, J = 2.3, 12.0 1, 4, 10, 19, 20 6α, 6β 3, 6β,18 
6α 19.1  CH2 19.00 1.72 m 10 5, 6α, 7α, 7β 7α, 7β 
6β   1.87 m 7 5, 6β, 7α, 7β 5, 7α, 7β 
7α 31.0  CH2 30.76 2.84 m 9, 14 6α, 6β, 7α, 
14 
6α, 6β, 14 
7β   2.91 m 5, 6, 8, 9, 14 6α, 6β, 7β, 
14 
6α, 6β, 14 
8 135.0  C 134.75 - - - - 
9 147.0  C 146.92 - - - - 
10 37.2  C 37.44 - - - - 
11 124.6  CH 124.34 7.14 d J = 8.0 8, 9, 10, 13 12 1β, 20 
12 124.2  CH 123.97 6.99 dd J = 2.0, 8.0 9, 13 11, 14 16, 17 
13 145.9  C 145.78 - - - - 
14 127.0  CH 126.81 6.89 brs W1/2 = 4.2 7, 9, 12, 13, 15 7α, 7β, 14 7α, 7β, 
16, 17  
15 33.7  CH 33.50 2.82 sep J = 7.0 12, 13, 14, 16, 
17 
16, 17 16, 17 
16 24.1  CH3 23.96 1.23 d J = 7.0 13, 15, 17 15 12, 14, 15 
17 24.2  CH3 23.96 1.20 d J = 7.0  13, 15, 16 15 12, 14, 15 
18 28.4  CH3 28.19 1.07 s 3, 4, 5, 19 - 3, 5 
19 15.6  CH3 15.34 0.89 s 3, 4, 5, 18 - 2α, 2β 
20 25.1  CH3 24.86 1.19 s 1, 5, 9, 10 - 1α, 1β, 11 
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3.2.13 Structural elucidation of compound CM-13: Ent-3β-acetoxyabieta-8,11,13-triene 
(Appendices 150-161) 
Compound CM-13 was obtained as a yellow solid from the acetylation of compound CM-12 
with acetic anhydride (Ac2O) in pyridine.  Compound CM-13 was a 3-acetyl derivative of CM-
12, ent-3β-acetoxyabieta-8,11,13-triene. 
 
Figure 22: The structure of compound CM-13: Ent-3β-acetoxyabieta-8,11,13-triene. 
Compound CM-13 exhibited a molecular ion peak [M]+ at m/z 328.1 in the LREIMS spectrum, 
indicative of a molecular formula of C22H32O2 and seven degrees of unsaturation.  The FTIR 
spectrum showed absorption bands at 2964 cm-1 and 2874 cm-1 for C-H aliphatic stretches, and 
at 1682 cm-1 for a carbonyl stretches of an ester.153 
The 1H NMR spectrum of compound CM-13 was identical to that of compound CM-12 except 
for an additional acetate methyl group proton resonance at δH 2.07 (s, 3H-2’) and a downfield 
shift for the oxymethine proton resonance at δH 4.54 (dd, J = 6.3 Hz, 11.0 Hz, H-3) as shown 
in Table 16.  
Based on the above data, the structure of compound CM-13 was determined to be ent-3β-
acetoxyabieta-8,11,13-triene.  A specific rotation value of [α]22
D
 -20 (c 0.10, CH2Cl2) was 
determined for compound CM-13. 
 
 
 
 
 
 
 3. The Chemistry of Croton mubango 
79 
 
 
Table 16: Correlation table for NMR data of compound CM-13: Ent-3β-acetoxyabieta-8,11,13-triene 
No. 
13C NMR (125 
MHz) in CDCl3 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 36.8  CH2 1.59 m 2, 3, 10, 20 1α, 2α, 2β 1α, 11 
1β  
2.29 dt J = 3.5, 
10.0 
2, 3, 5, 10, 20 1β, 2α, 2β 1β, 2α, 11, 20 
2α 24.6  CH2 1.25 m  1α, 1β, 2α 7β, 19 
2β  1.78 m 1, 3, 4, 10 1α, 1β, 2β, 3 1α, 18 
3 80.9  CH 
4.54 dd J = 6.3, 
11.0 
1, 4, 18, 19 2α 5, 6β, 18 
4 38.1  C - - - - 
5 50.2  CH 
1.42 dd, J = 2.3, 
12.0 
1, 4, 6, 10, 18, 19, 20 6α, 6β 3, 18 
6α 19.0  CH2 1.75 m 4, 5, 7, 10 5, 6α, 7α, 7β 6α, 7α 
6β  1.86 m 4, 8, 10 5, 6β, 7α, 7β 
3, 6β, 7α, 7β, 
18 
7α 30.8  CH2 2.82 m 6, 9, 14 6α, 6β, 7α, 14 6α, 2β, 7α, 14 
β  2.91 m 5, 6, 8, 9, 14 6α, 6β, 7β, 14 6α, 6β, 7β, 14 
8 134.8  C - - - - 
9 146.0  C - - - - 
10 37.5  C - - - - 
11 124.6  CH 7.13 d J = 8.0 8, 9, 10, 12, 13 12 1α, 1β, 12, 20 
12 124.2  CH 6.99 dd J = 2.0, 8.0 9, 11, 13, 14 11, 14 11, 16, 17 
13 145.9  C - - - - 
14 127.0  CH 6.89 brs W1/2 = 4.2 7,  9, 12, 11, 13, 15 7α, 7β, 14 7α, 7β, 16 
15 33.7 CH 2.81 sep J = 7.0 12, 13, 14, 16, 17 16, 17 16, 17 
16 24.1  CH3 1.22 d J = 7.0 13, 15, 17 15 12, 14, 15 
17 24.2  CH3 1.21 d J = 7.0 13, 15, 16 15 12, 15 
18 28.4  CH3 0.97 s 3, 4, 5, 19 - 2β, 3, 5 
19 16.8  CH3 0.95 s 3, 4, 5, 18 - 2’, 2α, 20 
20 25.2  CH3 1.20 s 1, 5, 9, 10 - 1β, 2’, 11, 19 
1’ 171.2 C - 2’ - - 
2’ 21.5 CH3 2.07 s 3, 1’ - 19, 20 
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3.2.14 Structural elucidation of compound CM-14: Ent-abieta-8,11,13-trien-15-ol 
(Appendices 162-173) 
Compound CM-14 was isolated as a yellow solid from the dichloromethane extract of the 
leaves of Croton mubango.  This was found to be the 3-deoxy analogue of compound CM-11, 
identified as a previously undescribed ent-abieta-8,11,13-trien-15-ol diterpenoid.  The normal 
series analogue has been isolated from Pinus monticola.166 
 
Figure 23: The structure of compound CM-14: Ent-abieta-8,11,13-trien-15-ol (showing correlations seen 
in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-14 
gave a [M-H2O+H]
- peak at m/z 269.2267, consistent with a C20H30O molecular formula for 
this compound.  This molecular formula indicated that CM-14 and CM-12 were isomers with 
six degrees of unsaturation.  The FTIR spectrum showed absorption bands at 3392 cm-1 for an 
O-H stretch, 2927 cm-1 and 2867 cm-1 for C-H aliphatic stretches.153  
The NMR data for compound CM-14 was similar to that for ent-abieta-8,11,13-trien-3β-ol 
(CM-12) except for the absence of an oxymethine proton resonance for H-3 in compound CM-
12.  The isopropyl methyl group proton resonances were deshielded compared to compound 
CM-12 and occurred as an overlapped singlet at δH 1.56 (6H, s, 3H-16 and 3H-17), indicating 
that the hydroxyl group was present at C-15 as was observed in compound CM-11.  This was 
confirmed by the correlations observed in the HMBC spectrum between the two aromatic 
proton resonances at (δH 7.16, H-12), (δH 7.22, H-14) and the two overlapped singlet methyl 
proton resonances at (δH 1.56 for 3H-16 and 3H-17) and the oxygenated tertiary carbon 
resonance at δC 72.5 (C, C-15). 
The information described above is consistent with the proposed structure for compound CM-
14, the known 15-hydroxyabieta-8,11,13-triene.  The specific rotation for compound CM-14 
was found to be [α]22
D
 -20 (c 0.10, CH2Cl2) whereas a value of [α]
25
D
  +49 (c 0.20, CHCl3) was 
reported for the normal series.  The structure of the known compound reported from the bark 
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of Pinus monticola was determined on the basis of infra-red and mass spectrometry studies.166  
However, there is no report of the NMR data in the literature.  The NOESY spectrum confirmed 
the relative configurations at the chiral centres of CM-14 were as expected (Figure 23). 
Table 17: Correlation table for NMR data of compound CM-14: Ent-abieta-8,11,13-trien-15-ol. 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 39.0  CH2 1.37 m 2, 9, 10, 20 1α, 2α, 2β 1α 
1β  2.28 dt J = 3.5, 10.0 2, 3, 5, 10, 20 1β, 2α, 2β 
1β, 2α, 
2β, 11, 20 
2α 19.5  CH2 1.61 m 1, 3, 4, 10 1α, 1β, 2α, 3α, 3β 1α, 20 
2β  1.71* m 1, 3, 4, 10 1α, 1β, 2β, 3α, 3β 1α 
3α 41.9  CH2 1.21 m 1, 2, 4, 5, 18, 19 2α, 2β, 3α 3α, 19 
3β  1.47 m 1, 2, 4, 5, 18, 19 2α, 2β, 3β 3β 
4 33.7  C - - - - 
5 50.6  CH 1.35 dd J = 2.3, 12.0 4, 6, 7, 10, 18, 19, 20 6α, 6β 18 
6α 19.3  CH2 1.71* m 4, 5, 7, 8, 10 5, 6α, 7α, 7β 7α, 7β 
6β  1.86 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 7α, 7β 
7α 30.8  CH2 2.86 m 5, 6, 8, 9, 14 6α, 6β, 7α, 14 6α, 6β, 14 
β  2.91 m 5, 6, 8, 9, 14 6α, 6β, 7β, 14 6α, 6β, 14 
8 135.2  C - - - - 
9 145.9  C - - - - 
10 37.8  C - - - - 
11 124.5  CH 7.22 d J = 8.0 8, 9, 10, 12, 13 12 1β, 20 
12 122.1  CH 7.24 dd, J = 2.0, 8.0 9, 11, 13, 14, 15 11, 14 16, 17 
13 148.9  C - - - - 
14 125.1  CH 7.16 d J = 2.0 7, 8, 9, 12, 11, 13, 15 7α, 7β, 14 7α, 7β 
15 72.5  C - - - - 
16 31.8  CH3 1.56*s 13, 15, 17 - 12 
17 31.8  CH3 1.56*s 13, 15, 16 - 12 
18 33.5  CH3 0.96 s 3, 4, 5, 19 - 5 
19 21.8  CH3 0.93 s 3, 4, 5, 18 - 3α 
20 25.1  CH3 1.19 s 1, 5, 9, 10 - 1β, 2α, 11 
*Overlapped proton resonances 
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3.2.15 Structural elucidation of compound CM-15: Ent-abieta-8,11,13-trien-6α-ol 
(Appendices 174-185) 
Compound CM-15 was isolated as a yellow solid from the dichloromethane extract of the 
leaves of Croton mubango and was found to be ent-abieta-8,11,13-trien-6α-ol, a diterpenoid 
not reported previously.  
 
Figure 24: The structure of compound CM-15: Ent-abieta-8,11,13-trien-6α-ol (showing correlations seen 
in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-15 
gave a [M+H]+ peak at m/z 287.2361, indicating a molecular formula of C20H30O with six 
degrees of unsaturation for this compound.  The FTIR spectrum showed absorption bands at 
3416 cm-1 for an O-H stretch, 2959 cm-1 and 2868 cm-1 for C-H aliphatic stretches.153 
The 1H NMR and the 13C NMR spectra were very similar to those of CM-14 except that the 
two equivalent methyl singlet proton resonances seen in compound CM-14 at δH 1.56 (6H, s, 
3H-16 and 3H-17), were replaced by two doublet methyl group proton resonances that occurred 
further upfield at δH 1.25 (d, J = 7.0 Hz, 3H-16) and δH 1.23 (d, J = 7.0 Hz, 3H-17).  The 
corresponding carbon resonances were overlapped at δC 24.3 (CH3, C-16 and C-17) for 
compound CM-15.  In addition, an oxymethine proton resonance was present at δH 4.82 (brs, 
W1/2 = 11.4 Hz) that was absent in the 
1H NMR spectrum of CM-14.  A hydroxy group was 
placed at C-6 due to the correlations seen in the HMBC spectrum between the carbon resonance 
at δC 68.6 and the proton resonances at δH 1.64 (m, H-5) and the two H-7 proton resonances at 
δH 1.64 (m, H-7α) and δH 1.99 (m, H-7β).  Coupling was seen between the H-5 and H-6, and 
H-6 and two H-7 resonances in the COSY spectrum confirming the proposed placement of the 
hydroxy group at C-6. 
The NOESY spectrum was used to determine the configuration at C-6. Correlations were 
observed in the NOESY spectrum between the established 3H-20 (δH 1.13), 3H-19 (δH 0.94), 
and H-6 resonances, confirming that the H-6 was α-orientated, and hence the hydroxy group 
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was β-orientated.  A search in the Scifinder and the DNP databases showed that both 6α- and 
6β-hydroxydehydroabietane have been reported.  A 6α-hydroxy abietane, having both 3H-20 
and H-5 as β was reported by Chawla et al. (1991) from Vitex negundo,167 and the NMR data 
for this reported and those of compound CM-15 were compared.  Significant differences were 
observed in the 13C NMR chemical shifts for the C-5 and C-20 resonances (Table 18).  
Matsumoto et al. (1983) synthesised the normal analogue, abieta-8,11,13-trien-6β-ol and 
reported some of its 1H NMR data and specific rotation value of [α]22
D
  +40.8 (c 5.15).168  A 
specific rotation value of [α]22
D
 -5 (c 0.20, CH2Cl2) was determined for this compound, (ent-
abieta-8,11,13-trien-6α-ol) which is a previously undescribed abietane derivative belonging to 
the ent-abietane class.154 
Table 18: Correlation table for NMR data of compound CM-15: Ent-abieta-8,11,13-trien-6α-ol. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
13C NMR 
(100 MHz) in 
CDCl3 167 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 38.7  CH2 36.0 1.39 m  2, 10, 20 1α, 2α, 2β 1α 
1β   2.29 dd J = 6.0, 
12.7 
3 1β, 2α, 2β 1β, 11, 20 
2α 19.5  CH2 24.3 1.62 m  4 1α, 1β, 2α, 
3α, 3β 
2α, 19, 20 
2β   1.74 m 1, 10 1α, 1β, 2β, 
3α, 3β  
2β, 20 
3α 41.8  CH2 36.0 1.24 m 1, 4, 18, 19 2α, 2β, 3α 3α 
3β   1.50 m  2α, 2β, 3β 3β, 18 
4 33.2  C 37.1 - - - - 
5 44.9  CH 50.1 1.64 m 4, 6, 18 6 18 
6 68.6  CH 78.9 4.82 brs W1/2 = 
11.4 
 5, 7α, 7β 7α, 14, 20 
7α 28.9  CH2 33.6 1.64 m 6 6, 7α 7α 
β   1.99 m 6 6, 7β 7β 
8 136.3  C 135.1 - - - - 
9 147.7  C 146.0 - - - - 
10 38.1  C 38.6 - - - - 
11 124.7  CH 127.1 7.22 d J = 8.0 8, 9, 10, 12, 
13 
12 1β, 12 
12 
126.8  CH 124.3 7.13 dd J = 2.0, 
8.0 
9, 11, 13, 14 11, 14 11, 16 
13 146.6  C 147.2 - - - - 
14 128.0  CH 123.6 7.20 brs W1/2 = 4.2 8, 9, 12, 13, 
15 
7α, 7β 6, 16, 17 
15 33.2  CH 28.0 2.87 sep, J = 7.0 12, 13, 14, 
16, 17 
16, 17 16, 17 
16 24.3  CH3 23.8 1.25 d J = 7.0 13, 15, 17 15 12, 14, 15 
17 24.3  CH3 23.8 1.23 d J = 7.0 13, 15, 16 15 14, 15 
18 33.4  CH3 15.0 0.98 s 3, 4, 5, 19 - 3β, 5 
19 21.9  CH3 28.0 0.94 s 3, 4, 5, 18 - 2α 
20 24.1  CH3 18.8 1.13 s 1, 5, 9, 10 - 1β, 2β, 2α, 6 
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3.2.16 Structural elucidation of compound CM-16: Ent-pimara-8(14),15-dien-3β-ol 
(Appendices 186-198) 
Compound CM-16 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton mubango and was determined to be the known ent-pimara-8(14),15-dien-3β-ol. 
 
Figure 25: The structure of compound CM-16: Ent-pimara-8(14),15-dien-3β-ol (showing correlations seen 
in the NOESY spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CM-16 gave a 
molecular ion peak [M]+ at m/z 288.1, consistent with a C20H32O molecular formula and five 
degrees of unsaturation.  The FTIR spectrum showed absorption band at 3421 cm-1 for an O-H 
stretch, and absorption bands at 2917 cm-1 and 2849 cm-1 for C-H aliphatic stretches.153   
The 1H NMR spectrum of compound CM-16 showed an alkene proton resonance at δH 5.14 
(brd, W1/2 = 4.0 Hz, H-14), vinyl group proton resonances at δH 5.72 (dd, J = 10.4 Hz, 17.3 Hz, 
H-15), δH 4.89 (dd, J = 2.0 Hz, 17.3 Hz, H-16 trans) and δH 4.96 (dd, J = 2.0 Hz, 10.4 Hz, H-
16 cis), typical of the AMX system of a pimarane diterpenoid.  Four tertiary methyl group 
proton resonances occurred at δH 0.99 (s, 3H-17), δH 1.01 (s, 3H-18), δH 0.82 (s, 3H-19) and δH 
0.74 (s, 3H-20).  In addition to the resonances above, the 1H NMR spectrum also showed an 
oxymethine proton resonance at δH 3.26 (d, J = 10.3 Hz). 
The 13C NMR spectrum displayed 20 carbon resonances.  The DEPT and HSQCDEPT spectra 
showed that compound CM-16 possessed four methyl carbon resonances (CH3), seven 
methylene carbon resonances (CH2), five methine carbon resonances (CH) and therefore, four 
fully substituted carbons (C).  The oxygenated carbon resonance was observed at δc 79.4, and 
double bond carbon resonances at δc 138.2 and δc 128.3.  These observed spectroscopic data, 
indicated that compound CM-16 belonged to the pimarane class of diterpenoids. 
From the HMBC spectrum, the Δ8(14) double bond was assigned due to the observed 
correlations between H-14 and C-7 (δc 35.9), C-9 (δc 51.4), C-12 (δc 35.9), C-13 (δc 38.8), C-
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15 (δc 145.5) and C-17 (δc 29.6).  Additionally, correlations were seen in the HMBC spectrum 
between the H-15 and C-14, and C-17 resonances, and also between the two H-16 and C-13, 
and C-15 resonances, as expected for pimarane diterpenoids.61  The H-3 resonance was found 
to occur at δH 3.26 and showed coupling in the COSY spectrum with the two H-2 proton 
resonances at δH 1.58 (m, H-2α) and δH 1.63 (m, H-2β), which, in turn, were seen to be coupled 
to the two H-1 proton resonances in the COSY spectrum.  The corresponding C-3 resonance 
(δc 79.4) showed correlations with the 3H-18 (δH 1.01) and 3H-19 (δH 0.82) resonances in the 
HMBC spectrum given in Table 19. 
The information deduced above confirmed that a 3-hydroxy and 8(14) double bond were 
present in a pimarane diterpenoid.  The relative configurations of compound CM-16 was 
assigned using the NOESY spectrum.  The NOESY spectrum showed correlations between 
3H-20 and the two H-16/H-15, 3H-20 and 3H-19 resonances implying that 3H-20, 3H-19, two 
H-16 and H-15 were on the same face of the molecule.  The NOESY spectrum also showed 
correlation between 3H-18 and H-3, 3H-18 and H-5, 3H-17 and H-9, and H-9 and H-5. 
Therefore, 3H-18, 3H-17, H-9, H-5 and H-3 were on the other face of the molecule, thereby 
establishing the α-configuration of the hydroxy group at C-3. 
A specific rotation value of [α]22
D
 -36 (c 0.10, CH2Cl2), was measured, as against literature value 
of [α]D = -68 (CH2Cl2), however, they are both negative, and therefore, ent configuration.  The 
structure of compound CM-16 was determined to be the known ent-pimara-8(14),15-dien-3β-
ol.  This compound was reported to have been isolated from Erythroxylum cuneatum.169 
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Table 19: Correlation table for NMR data of compound CM-16: Ent-pimara-8(14),15-dien-3β-ol. 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
13C NMR (100 
MHz) in 
CDCl3169 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.3  CH2 37.3 1.18 m 9 1α, 2α, 2β 2α, 19 
1β   1.67 m 2, 3, 5, 10, 20 1β, 2α, 2β 
2α, 3, 17, 
18 
2α 27.8  CH2 27.7 1.58 m 1, 3, 4, 10 
1α, 1β, 2α, 
3 
1α, 1β, 
19 
2β   1.63 m 1, 3, 4, 10 
1α, 1β, 2β, 
3 
1α, 1β, 3, 
3 79.4  CH 79.2 3.26 d J = 10.3 2 2α, 2β 
1β, 2β, 5, 
6β, 18 
4 39.2  C 39.1 - - - - 
5 54.3  CH 54.3 
1.03 dd J = 2.7, 
7.4 
1, 3, 4, 6, 7, 9, 10, 
18, 19, 20 
6α, 6β 3, 9, 18 
6α 22.4  CH2 22.3 1.39 m 4, 5, 7, 10 
5, 6α, 7α, 
7β 
7α, 20 
6β   1.62 m 4, 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3, 7α 
7α 35.9  CH2 35.8 2.06 m 6, 8 
6α, 6β, 7α, 
14 
7α 
7β   2.34 m 5, 6, 8, 9, 14 
6α, 6β, 7β, 
14 
6α, 6β, 
7β, 14 
8 138.2  C 137.9 - - - - 
9 51.4  CH 51.3 1.64 m 
1, 5, 7, 8, 10, 12, 
14, 20 
11α, 11β, 
14 
5, 17, 18 
10 38.4  C 38.3 - - - - 
11α 19.3  CH2 19.2 1.32 m 12, 13 
9, 11α, 
12α, 12β 
11α, 12α, 
12β 
11β   1.48 m 8, 9, 10, 12, 13 
9, 11β, 
12α, 12β 
11β, 12α, 
12β 
12α 35.9  CH2 35.8 1.23 m 9, 11, 15, 17 
11α, 11β, 
12α 
11α, 11β, 
12α 
12β   1.53 m 9, 11, 13, 14 
11α, 11β, 
12β 
11α, 11β, 
12β 
13 38.8  C 38.6 - - - - 
14 128.3  CH 128.3 
5.14 brd W1/2 = 
4.0 
7, 9, 12, 13, 15, 17 7α, 7β, 9 7β, 17 
15 147.5  CH 147.3 
5.72 dd, J = 
10.4, 17.3 
12, 13, 14, 17 16α, 16β 16α, 16β 
16α 113.0  CH2 112.8 
4.89 dd, J = 2.0, 
17.3 
13, 15 15 15, 20 
16β   
4.96 dd, J = 2.0, 
10.4 
13, 15 15 15, 20 
17 29.6  CH3 29.5 0.99 s 12, 13, 14, 15 - 1β, 9, 14 
18 28.7  CH3 28.5 1.01 s 3, 4, 5, 19 - 
1β, 2β, 3, 
5, 9 
19 15.9  CH3 15.7 0.82 s 3, 4, 5, 18 - 
1α, 2α, 
20 
20 15.0  CH3 14.8 0.74 s 1, 5, 9, 10 - 
6α, 16α, 
16α, 19 
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3.2.17 Structural elucidation of compound CM-17: Ent-pimara-8(14),15-dien-3-one 
(Appendices 199-210) 
Compound CM-17 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton mubango and was determined to be ent-pimara-8(14),15-dien-3-one, an unreported 
pimarane diterpenoid. 
 
Figure 26: The structure of compound CM-17: Ent-pimara-8(14),15-dien-3-one (showing correlations 
seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CM-17 
gave a [M+Na]+ peak at m/z 309.2197 indicating a molecular formula C20H30O.  This molecular 
formula corresponded to six degrees of unsaturation.  The FTIR spectrum showed absorption 
bands at 2955 cm-1 and 2871 cm-1 for C-H aliphatic stretches and at 1706 cm-1 for the C=O 
stretch of a ketone.153  The NMR data for compound CM-17 were similar to those of CM-16, 
except for a ketone carbon resonance at δC 217.1 (C, C-3) for compound CM 17 instead of the 
oxygenated carbon resonance at δC 79.4 (CH, C-3) for compound CM-16. 
The HMBC spectrum showed correlations between the two methyl proton resonances δH 1.07 
(s, 3H-19) and δH 1.10 (s, 3H-18) with the resonance at δc 217.1 (C) which confirmed the 
placement of the keto group at C-3.  This compound was a 3-keto derivative of 8(14),15-
pimaradiene. 
The relative configuration of CM-17 was established to be the same as CM-16 using the 
NOESY spectrum.  A specific rotation value of [α]23
D
  -40 (c 0.10, CH2Cl2) was obtained for 
CM-17.  The negative sign of the specific rotation indicated that compound CM-17 belonged 
to ent-pimarane series and the structure was therefore determined to be the ent-pimara-
8(14),15-dien-3-one.  This was confirmed by the ECD study of this compound which showed 
Cotton effects at 290 nm (∆E = +3), at 205 nm (∆E = -49) and at 192 nm (∆E = -45) (Figure 
27), which were the same as those reported for ent-17-hydroxypimara-8(14),15-dien-3-one.170  
The absolute configuration of compound CM-17 was also assigned by comparing the 
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calculated and the experimental ECD curves, as was done for compounds CM-1, CM-2, and 
CM-5.  The measured ECD spectrum compares well with the theoretically calculated ECD 
(Figure 27).    A search in the Scifinder database and the Dictionary of Natural Products did 
not return any results for this compound, indicating it has not been previously reported.  The 
isopimarane isomer has been reported from Xylia dolabriformis171 and Cleistanthus 
schlechteri.172 
 
Figure 27: ECD spectra experimental and calculated ent- and normal series for compound CM-17 
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Table 20: Correlation table for NMR data of compound CM-17: Ent-pimara-8(14),15-dien-3-one 
No. 
13C NMR (125 
MHz) in CDCl3 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 37.9  CH2 1.56 m  2, 3, 5, 9, 10, 20 1α, 2α, 2β 1α, 2α, 19, 20 
1β  1.96 ddd, J = 3.3, 
5.8, 13.3 
2, 3, 5, 9, 10, 20 1β, 2α, 2β 1β, 2α, 2β, 5 
2 α 35.1  CH2 2.28 m 1, 3, 4, 10 1α, 1β, 2α 1α, 1β, 2α, 19, 
20 
2 β  2.66 m 1, 3, 4, 10 1α, 1β, 2β  1α, 1β, 2β, 5 
3 217.1  C - - - - 
4 48.1  C - - - - 
5 55.7  CH 1.46 m 1, 3, 4, 6, 7, 9, 10, 18, 
19, 20 
6α, 6β 1β, 2β, 9, 18 
6α 23.3  CH2 1.53 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 7α, 6β 
6β  1.53 m 4, 5, 7, 8, 10 5, 6α, 7α, 7β 6α,7α, 7β 
7α 35.6  CH2 2.09 m 6, 8, 9 6α, 6β, 7α, 14 6α, 6β, 7α 
7β  2.38 m 5, 6, 8, 9, 14 6α, 6β, 7β, 14 6α, 6β, 7β, 14 
8 137.4  C - - - - 
9 50.7  CH 1.71 m 1, 7, 8, 10, 11, 12, 14, 
20  
11α, 11β, 14 2β, 5, 17, 18 
10 38.3  C - - - - 
11α 19.5  CH2 1.38 m 9, 10, 12, 13 9, 11α, 12α, 
12β 
11α, 12α, 12β 
11β  1.52 m 8, 9, 10, 12, 13 9, 11β, 12α, 
12β 
11β, 12α 
12α 35.8  CH2 1.23 m 13, 15, 17 11α, 11β, 12α 11β, 12α, 20 
12β  1.53 m 9, 13, 14 11α, 11β, 12β 11α, 11β, 12β 
13 38.9  C - - - - 
14 129.2  CH 5.21 brd W1/2 = 4.0 7, 9, 11, 12, 13, 17 7α, 7β, 9 7β, 17 
15 147.4  CH 5.74 dd, J = 10.4, 
17.4 
12, 13, 14, 17 16α, 16β 16α, 16β 
16α 113.2  CH2 4.93 dd, J = 2.0, 
17.4 
13, 15 15, 16α 15, 20 
16β  4.98 dd, J = 2.0, 
10.4 
13, 15 15, 16β 15, 20 
17 29.6  CH3 1.01 s 12, 13, 14, 15 - 9, 14 
18 25.9  CH3 1.10 s 3, 4, 5, 19 - 1β, 5, 9 
19 22.6  CH3 1.07 s 3, 4, 5, 18 - 1α, 2α, 20 
20 14.7  CH3 0.95 s 1, 5, 9, 10 - 1α, 12α, 16α, 
16β,19 
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3.2.18 Structural elucidation of compound CM-18: 2-Phyten-1-ol (Appendices 211-220) 
Compound CM-18 was isolated as a white oil from the dichloromethane extract of the leaves 
of Croton mubango and was determined to be the known 2-phyten-1-ol which has been isolated 
from various plants including Croton species. 
 
Figure 28: The structure of compound CM-18: 2-phyten-1-ol 
The low-resolution electron impact mass spectrum (LREIMS) for compound CM-18 gave a 
molecular ion peak [M]+ at m/z 296.1, suggesting a C20H40O formula with one degree of 
unsaturation.  The 1H NMR spectrum for compound CM-18 showed the occurrence of four 
superimposed methyl doublet proton resonances, integrated to 12H, at δH 0.86 (d, J = 6.4 Hz, 
3H-16), δH 0.87 (d, J = 6.4 Hz, 3H-17), δH 0.84 (d, J = 6.4 Hz, 3H-18) and δH 0.84 (d, J = 6.4 
Hz, 3H-19) alongside a singlet methyl proton resonance at δH 1.67 (s, 3H-20).  The 1H NMR 
spectrum also showed the presence of an oxymethylene proton resonance at δH 4.15 (d, J = 7.0 
Hz, 2H-1) and one alkene double bond proton resonance at δH 5.41 (dt, J = 1.0 Hz, 7.0 Hz, H-
2). 
The 13C NMR spectrum showed twenty carbon resonances for compound CM-18 which 
comprised five methyl carbons (CH3), ten methylene carbons (CH2), four methine carbons 
(CH) and one fully substituted carbon (C) resonance.  These 13C NMR chemical shifts for 
compound CM-18 were subjected to the C-Search software for predicting structures of organic 
compounds.173 This software suggested that compound CM-18 was the known trans-phytol.  
This was verified by the HMBC correlations observed between the double bond proton 
resonance at (δH 5.41) with the oxymethylene carbon resonances at δC 59.7 (CH2O, C-1), δC 
40.1 (CH2, C-4) and δC 16.4 (CH3, C-20).  Therefore, the alkene double bond was placed at C-
2.  Likewise, correlations were seen between the resonance at δH 4.15 (2H-1) and carbon 
resonances at δC 123.3 (CH, C-2) and δC 140.6 (C, C-3) which supported the placement of the 
hydroxyl group at C-1.  The 13C NMR data for compound CM-18 was found to be similar to 
those of trans-phytol isolated from Artemisia annua and reported by Brown, 1993.174  The data 
confirmed that compound CM-18 was the known trans-phytol that has been isolated previously 
from various sources including Croton rivularis and Croton sylvaticus by the Mulholland 
group.175,176  Although, the specific rotation value was slightly different for compound CM-18, 
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[α]22
D
 -50 (c 0.40, CH2Cl2)  in contrast to those reported in the literature + 0.2
174 and +8.7,176 
however, it was concluded to be the commonly reported trans-phytol. 
Table 21: Correlation table for NMR data of compound CM-18: 2-phyten-1-ol. 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
13C NMR (100 
MHz) in CDCl3 
174
 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 59.7 CH2 59.4 4.15 d, J = 7.0 2, 3 1β, 2 2, 20 
1β   4.15 d, J = 7.0 2, 3 1α, 2 2, 20 
2 123.3 CH 123.2 
5.41 dt, J = 1.0, 
7.0 
1, 4, 20 1α, 1β 
1α, 1β, 
4α, 4β, 
5α, 5 
3 140.6 C 140.2 - - - - 
4α 40.1 CH2 39.9 
1.99 dd, J = 7.0, 
14.7 
2, 3, 5, 6, 20 4β, 5α, 5β 
2, 6α, 18, 
19 
4β   
1.99 dd, J = 7.0, 
14.7 
2, 3, 5, 6, 20 4α, 5α, 5β 
2, 6α, 18, 
19 
5α 25.4 CH2 25.2 1.38 m 3, 4, 6 
4α, 4β, 5β, 
6α, 6β 
2, 18, 19 
5β   1.38 m 3, 4, 6 
4α, 4β, 5α, 
6α, 6β 
2, 18, 19 
6α 36.9 CH2 36.8 1.24* m 4, 5, 7, 8, 19 5α, 5β, 6β, 7 4α, 4β 
6β   1.05* m 5, 7, 8, 19 5α, 5β, 6α, 7  
7 33.0 CH 32.8 1.35 m 6, 8, 19 
6α, 6β, 8α, 
8β, 19 
18, 19 
8α 37.6 CH2 37.5 1.24* m 6, 7, 9, 10, 19 7, 8β, 9α, 9β  
8β   1.05* m 6, 7, 9, 10, 19 7, 8α, 9α, 9β  
9α 24.7 CH2 24.5 1.11 m 7, 8, 10, 11 
8α, 8β, 9β, 
10α, 10β 
 
9β   1.11 m 7, 8, 10, 11 
8α, 8β, 9α, 
10α, 10β 
 
10α 37.6 CH2 37.4 1.24* m 8, 9, 11, 12, 18 
9α, 9β, 10β, 
11 
 
10β   1.05* m 8, 9, 11, 12, 18 
9α, 9β, 10α, 
11 
 
11 32.9 CH 32.7 1.05* m 
9, 10, 12, 13, 
18 
10α, 10β, 
12α, 12β, 18 
 
12α 37.5 CH2 37.4 1.24* m 
10, 11, 13, 14, 
18 
11, 12β, 13α, 
13β 
 
12β   1.05* m 
10, 11, 13, 14, 
18 
11, 12α, 13α, 
13β 
 
13α 25.0 CH2 24.9 1.20 m 11, 12, 14, 15 
12α, 12β, 
13β, 14α, 14β 
 
13β   1.20 m 11, 12, 14, 15 
12α, 12β, 
13α, 14α, 14β 
 
14α 39.6 CH2 39.4 1.13 m 
12, 13, 15, 16, 
17 
13α, 13β, 
14β, 15 
14β 
14β   0.85 m 
12, 13, 15, 16, 
17 
13α, 13β, 
14α, 15 
14α 
15 28.2 CH 28.0 1.51 sep J = 6.4 13, 14, 16, 17 
14α, 14β, 16, 
17 
16, 17 
16 22.8 CH3 22.7 0.86 d, J = 6.4 14, 15, 17 15, 17 15 
17 22.9 CH3 22.8 0.87 d, J = 6.4 14, 15, 16 15, 16 15 
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18± 20.0 CH3 19.8 0.84 d, J = 6.4 10, 11, 12 11 
4α, 4β, 
5α, 5β, 
7, 19 
19± 19.9 CH3 19.8 0.84 d, J = 6.4 6, 7, 8 7 
4α, 4β, 
5α, 5β, 
7, 18 
20 16.4 CH3 16.2 1.67 s 2, 3, 4 - 1α, 1β 
*Overlapped proton resonances and ±Assignments interchangeable 
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3.2.19 Structural elucidation of compound CM-19: (-)-Caryophyllene oxide (Appendices 
2221-231) 
Compound CM-19 was isolated as a brown solid from the dichloromethane extract of the 
leaves of Croton mubango and was identified to be the known caryophyllene oxide which has 
been isolated from various plants including Croton species. 
 
Figure 29: The structure of compound CM-19: (-)-Caryophyllene oxide. 
The low-resolution electron impact mass spectrum (LREIMS) for compound CM-19 gave a 
molecular ion peak [M]+ at m/z 220.2, indicating a C15H24O formula with four degrees of 
unsaturation.  The FTIR spectrum showed the presence of absorption bands at 2926 cm-1 and 
2868 cm-1 for C-H aliphatic stretches, and absorption bands at 3082 cm-1 and 918 cm-1 
attributable to an exocyclic double bond stretches, and 1265 cm-1 for C-O stretch of an 
epoxide.153 
The 1H NMR spectrum showed three methyl group singlet proton resonances at δH 0.98 (s, 3H-
12), δH 1.00 (s, 3H-13) and δH 1.20 (s, 3H-14), exocyclic methylene proton resonances at δH 
4.97 (brs, W1/2 = 3.6 Hz, H-15α) and δH 4.85 (brs, W1/2 = 3.6 Hz, H-15β).  The 1H NMR 
spectrum also showed three methine proton resonances at δH 1.76 (t, J = 10.2 Hz, H-1), δH 2.88 
(dd, J = 4.2 Hz, 10.6 Hz, H-5) and δH 2.62 (dd, J = 9.3 Hz, 18.7 Hz, H-9).  The presence of four 
methylene proton resonances were also observed on the 1H NMR spectrum of compound CM-
19.  
The 13C, DEPT and HSQCDEPT NMR spectra displayed fifteen carbon resonances for 
compound CM-19.  This include three methyl carbon (CH3), six methylene carbon (CH2), three 
methine carbon (CH) and three fully substituted carbon (C) resonances. Double bond carbon 
resonances were observed at δC 151.1 (C, C-8) and δC 113.0 (CH2, C-15), indicating an 
exocyclic methylene group in compound CM-19.  Similarly, two carbon resonances bearing 
oxygen occurred at δC 60.0 (C, C-4) and δC 64.0 (CH, C-5) were observed in the 13C NMR 
spectrum. This suggested the presence of an oxirane ring.  
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The 13C NMR data were compared to those reported by Orihara, 1994, for caryophellene oxide 
and were found to be comparable as shown in Table 19.177  Compound CM-19 was therefore 
identified as the known caryophellene oxide which has been isolated from various Croton 
species, such as Croton flavens L,178 Croton menyhartii175 and Croton ovalifolius.179  A specific 
rotation value of [α]22
D
 -16.7 (c 0.30, CH2Cl2), was determined, as against literature value of  
[α]D = - 71 (c = 2% v/v, CHCl3).180 
Table 22: Correlation table for NMR data of compound CM-19: (-)-Caryophyllene oxide. 
No. 
13C NMR (125 
MHz) in 
CDCl3 
13C NMR (75 
MHz) in CDCl3 
177
 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1 51.0 CH 51.0 1.76 t, J = 10.2 
2, 3, 8, 9, 
10, 11, 12, 
13 
2α, 2β 2α, 2β, 5, 13 
2α 27.4 CH2 27.6 1.63 m 1, 3, 4, 9, 11 1, 2β, 3α, 3β 
1, 3α, 9, 13, 
15α 
2β   1.44 m 1, 3, 4, 9, 11 1, 2α, 3α, 3β 1, 3β, 12, 14 
3α 39.4 CH2 39.7 2.08 m 1, 2, 4, 5, 14 2α, 2β, 3β, 
2α, 6α, 13, 
15α 
3β   0.97 m 1, 2, 4, 5, 14 2α, 2β, 3α 2β, 6β, 7β 
4 60.0 C 59.9 - - - - 
5 64.0 CH 63.4 
2.88 dd, J = 4.2, 
10.6 
3, 4, 6, 7 6α, 6β 1, 6β, 15β 
6α 30.4 CH2 30.8 2.25 m 4, 5, 7, 8 5, 6β, 7α, 7β 3α, 6β 
6β   1.33 m 4, 5, 7, 8 5, 6α, 7α, 7β 
3β, 5, 6α, 
7α, 7β 
7α 30.0 CH2 30.2 2.35 m 6, 5, 8, 9, 15 6α, 6β 6β, 7β 
7β   2.10 m 6, 5, 8, 9, 15 6α, 6β 3β, 6β, 7β 
8 152.1 C 152.4 - - - - 
9 49.0 CH 49.0 
2.62 dd, J = 9.3, 
18.7 
1, 2, 7, 8, 
10, 11, 15 
10α, 10β 2α, 10α, 10β 
10α 40.0 CH2 40.0 1.65 m 
1, 8, 9, 11, 
12, 13 
9, 10β 9 
10β   1.65 m 
1, 8, 9, 11, 
12, 13 
9, 10α 9 
11 34.2 C 34.1 - - - - 
12 30.1 CH3 29.9 0.98 s 1, 10, 11, 13 - 2β 
13 21.8 CH3 21.8 1.00 s 1, 10, 11, 12 - 1, 2α, 3α 
14 17.2 CH3 17.4 1.20 s 3, 4, 5 - 2β, 15β 
15α 113.0 CH2 113.0 
4.97 brs W1/2 = 
3.6 
7, 8, 9 - 2α, 3α 
15β   
4.85 brs W1/2 = 
3.6 
7, 8, 9 - 14, 5 
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3.2.20 Structural elucidation of compound CM-20: 132-Hydroxy-(132-S)-phaeophytin-a 
(Appendices 232-242) 
Compound CM-20 was isolated as a dark brown solid from the dichloromethane extract of the 
leaves of Croton mubango and identified as the known 132-hydroxy-(132-S)-phaeophytin-a.  
This compound has been isolated from the liverwort Plagiochila ovalifolia.181 
 
Figure 30: The structure of compound CM-20: 132-Hydroxy-(132-S)-phaeophytin-a 
The FTIR spectrum showed absorption bands at 3383 cm-1 and 1621 cm-1 for N-H stretches of 
an amine, and at 2955 cm-1 and 2867 cm-1 for C-H aliphatic stretches, and the presence of 
absorption bands at 1739 cm-1 and 1712 cm-1 for carbonyl stretches.153 
The 1H NMR spectrum for compound CM-20  showed vinyl group proton resonances at δH 
8.00 (dd, J = 6.3 Hz, 17.8 Hz, H-31), δH 6.28 (dd, J = 1.4 Hz, 17.8 Hz, H-32α), and δH 6.20 (dd, 
J = 1.4 Hz, 11.6 Hz, H-32β), six tertiary methyl group proton resonances at δH 3.42 (s, 3H-21), 
δH 3.23 (s, 3H-71), δH 1.69 (t, J = 7.8 Hz, 3H-82), δH 3.73 (s, 3H-121), δH 1.61 (d, J = 7.3 Hz, 
3H-181) and alongside the methoxy methyl proton resonance at δH 3.62 (s, 3H-133).  These 1H 
NMR chemical shifts given in Table 23 are typical of the pheophytin.181  
The 13C NMR spectrum showed the presence of thirty-five carbon resonances that were 
comparable to those reported by Matsuo et al. (1996).181  This compound was found to be the 
known 132-hydroxy-(132-S)-phaeophytin-a.  A specific rotation value of [α]22
D
 +16.5 (c 0.20, 
CH2Cl2) was measured for compound CM-20. 
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Table 23: Correlation table for NMR data of compound CM-20: 132-hydroxy-(132-S)-phaeophytin-a 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
13C NMR 
(100 MHz) 
in CDCl3 181 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) 
HMBC (H→C) COSY NOESY 
1 142.2 C 142.8 - - - - 
2 132.0 C 131.8 - - - - 
21 12.3 CH3 12.1 3.42 s 1, 2, 3 - 31, 32α, 20 
3 136.7 C 136.6 - - - - 
31 129.3 CH 129.1 
8.00 dd, J = 6.3, 
17.8 
2, 3, 32, 4 32α, 32β 
21, 32α, 32β, 
5 
32α 123.1 CH2 122.9 
6.28 dd, J = 1.4, 
17.8 
3, 31 31, 32β 
21, 31, 32β, 
5 
32β   
6.20 dd, J = 1.4, 
11.6 
3, 31 31, 32α 31, 32α 
4 136.5 C 136.3 - - - - 
5 98.2 CH 98.0 9.44 s 3, 4, 7 - 
31, 32α, 32β, 
71, 10 
6 155.5 C 155.4 - - - - 
7 136.4 C 136.2 - - - - 
71 11.5 CH3 11.3 3.23 s 6, 7, 8 - 
5, 81α, 81β, 
82 
8 145.4 C 145.8 - - - - 
81α 19.7 CH2 19.5 3.70 q, J = 7.8 7, 8, 82, 9 81β, 82 71, 82, 10 
81β   3.70 q, J = 7.8 7, 8, 82, 9 81α, 82 71, 82, 10 
82 17.7 CH3 17.4 1.69 t, J = 7.8 8, 81 81α, 81β 
71, 81α, 81β, 
10, 134 
9 151.2 C 151.1 - - - - 
10 104.5 CH 104.3 9.59 s  - 
5, 81α, 81β, 
82, 121, 134 
11 138.0 C 137.8 - - - - 
12 129.6 C 129.4 - - - - 
121 12.5 CH3 12.3 3.73 s 11, 12, 13 - 10 
13 127.2 C 127.0 - - - - 
131 192.2 C 192.0 - - - - 
132 89.2 C 89.0 - - - - 
133 173.0 C 172.8 - - - - 
134 53.6 OCH3 53.4 3.62 s 133 - 82, 10 
14 150.0 C 149.8 - - - - 
15 107.9 C 107.7 - - - - 
16 162.7 C 162.5 - - - - 
17 52.0 CH 51.8 
4.18 ddd, J = 
3.1, 9.1, 11.6 
171, 172, 181, 19 171α, 171β 
171α, 171β, 
181 
171α 31.4 CH2 31.1 2.95 m 
16, 17, 172, 173, 
18 
17, 171β, 172α, 
172β 
17, 171β, 
172β, 
171β   
2.26 sep, J = 
4.3 
17, 172, 173, 18 
17, 171α, 172α, 
172β 
17, 171α, 
172α, 18 
172α 31.8 CH2 31.6 2.54 m 17, 171, 173 171α, 171β, 172β 171β 
172β   
2.26 sep, J = 
4.3 
17, 171, 173 171α, 171β, 172α 
17, 171α, 
171β, 172α, 
18 
173 173.8 C 173.6 - - - - 
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18 50.5 CH 50.3 4.50 m 
16, 17, 171, 181, 
19 
181 
181, 171β, 
172β, 20 
181 22.9 CH3 22.7 1.61 d, J = 7.3 17, 18, 19 18 
P1α, P1β, 
17, 18, 20 
19 172.6 C 172.2 - - - - 
20 93.9 CH 93.6 8.64 s 1, 2, 18 - 21, 181, 18 
P1α 61.8 CH2  4.55 m P2, P3, 173 P1β, P2, P20 181 
P1β   4.55 m P2, P3, 173 P1α, P2, P20 181 
P2 118.1 CH  
5.23 dt, J = 1.1, 
7.1 
P4, P20 P1α, P1β, P20  
P3 143.0 C  - - - - 
P4α 40.0 CH2  1.92 m P2, P3, P20 P4β, P5α, P5β  
P4β   1.92 m P2, P3, P20 P4α, P5α, P5β  
P5α 25.2 CH2  1.31 m P3, P4, P6 
P4α, P4β, P5β, 
P6α, P6β 
 
P5β   1.31 m P3, P4, P6 
P4α, P4β, P5α, 
P6α, P6β 
 
P6α 36.9 CH2  1.24* m 
P4, P5, P7, P8, 
P19 
P5α, P5β, P6β, 
P7 
 
P6β   1.01* m P5, P7, P8, P19 
P5α, P5β, P6α, 
P7 
 
P7 33.0 CH  1.34 m P6, P8 
P6α, P6β, P8α, 
P8β, P19 
 
P8α 37.6 CH2  1.24* m 
P6, P7, P9, P10, 
P19 
P7, P8β, P9α, 
P9β 
 
P8β   1.01* m 
P6, P7, P9, P10, 
P19 
P7, P8α, P9α, 
P9β 
 
P9α 24.6 CH2  1.11 m P8, P10 
P8α, P8β, P9β, 
P10α, P10β 
 
P9β   1.11 m P8, P10 
P8α, P8β, P9α, 
P10α, P10β 
 
P10α 37.5 CH2  1.24* m 
P8, P9, P11, 
P12, P18 
P9α, P9β, P10β, 
P11 
 
P10β   1.01* m 
P8, P9, P11, 
P12, P18 
P9α, P9β, P10α, 
P11 
 
P11 32.8 CH  1.01* m 
P9, P10, P12, 
P13, P18 
P10α, P10β, 
P12α, P12β, 
P18 
 
P12α 37.5 CH2  1.24* m 
P10, P11, P13, 
P18 
P11, P12β, 
P13α, P13β 
 
P12β   1.01* m 
P10, P11, P13, 
P14, P18 
P11, P12α, 
P13α, P13β 
 
P13α 25.0 CH2  1.20 m P11, P12, P14 
P12α, P12β, 
P13β, P14α, 
P14β 
 
P13β   1.20 m P11, P12, P14 
P12α, P12β, 
P13α, P14α, 
P14β 
 
P14α 39.6 CH2  1.13 m 
P12, P13, P16, 
P17 
P13α, P13β, 
P14β, P15 
 
P14β   1.13 m 
P12, P13, P16, 
P17 
P13α, P13β, 
P14α, P15 
 
P15 28.2 CH  1.51 sep J = 6.6 
P13, P14, P16, 
P17 
P14α, P14β, 
P16, P17 
 
P16 22.8 CH3  0.84 d, J = 6.6 P14, P15, P17 P15, P17  
P17 22.9 CH3  0.86 d, J = 6.6 P14, P15, P16 P15, P16  
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P18 19.9 CH3  0.82 d, J = 6.6 P10, P11, P12 P11  
P19 19.9 CH3  0.80 d, J = 6.6 P6, P7, P8 P7  
P20 16.5 CH3  1.62 d, J = 4.2 P2, P3, P4 P1α, P1β, P2  
*Overlapped proton resonances 
 
3.3. Conclusions 
The phytochemical investigation of the leaf extract of Croton mubango yielded twelve 
previously unreported diterpenoids, eleven belonging to the ent-abietane class: ent-2α-
hydroxyabieta-7,13-dien-3-one CM-2, ent-15-hydroxyabieta-7,13-dien-3-one CM-4, ent-
13β,15-dihydroxyabieta-8(14)-en-3-one CM-5, ent-2α,9,13-trihydroxyabieta-7-en-3-one CM-
6, ent-abieta-8,11,13-trien-3-one CM-7, ent-7α-hydroxyabieta-8,11,13-trien-3-one CM-8, ent-
2α,7α-dihydroxyabieta-8,11,13-trien-3-one CM-10, ent-15-hydroxyabieta-8,11,13-trien-3-one 
CM-11, ent-abieta-8,11,13-trien-3β-ol CM-12, ent-abieta-8,11,13-trien-15-ol CM-14, ent-
abieta-8,11,13-trien-6α-ol CM-15, and an ent-pimarane, ent-pimara-8(14),15-dien-3-one CM-
17  (Figure 31), along with known compounds, ent-abieta-7,13-dien-3-one CM-1, ent-pimara-
8(14),15-dien-3β-ol CM-16, 2-phyten-1-ol CM-18, caryophyllene oxide CM-19, 132-
hydroxy-(132-S)-phaeophytin-a CM-20, sitosterol and sitosterone.  The normal series 
analogues of the newly isolated ent-diterpenoids CM-7,161 CM-8,162 CM-12,164 CM-14166 and 
CM-15,167,168 have been reported previously.  The absolute configurations of compounds CM-
1, CM-2, CM-5 and CM-17 were determined through the comparison of their experimental 
and theoretically calculated ECD curves.  This was achieved using previously described 
protocols,170,182 where conformational searches of compounds CM-1, CM-2, CM-5 and CM-
17 and their enantiomers were initially undertaken using Spartan software at ground state with 
molecular mechanics force fields (MMFF).  Conformers that were under 3 kcal/mol were 
subjected to TDDFT calculations using a B3LYP method at 6-31G** level built into Gaussian 
software (Frisch et al., 2016).156  This work represents only the second report of ent-abietane 
diterpenoids from an African Croton species: two ent-abietane diterpenoids, ent-abieta-7,13-
dien-2-one and ent-2α-hydroxyabieta-7,13-diene, were isolated previously from the Kenyan 
Croton megalocarpus.175  Ent-pimarane diterpenoids are reported here for the first time from 
an African Croton species.   
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Figure 31: Structures of compounds isolated from the leaves of Croton mubango. 
Previously abietane diterpenoids have demonstrated antiulcer, antimicrobial and 
cardiovascularactivities.183  Leaves of the Brazilian Croton sphaerogynus have shown 
antiproliferative activity, believed to be caused by the presence of abietanes.184  Tricyclic 
diterpenes have also shown promising anti-proliferative activities,184,185 therefore compounds 
CM-2, CM-3, CM-4, CM-5, CM-9, CM-10, CM-11, CM-13, CM-15, and CM-17 were 
submitted to the NCI Drug Therapeutics Programme for evaluation in the NCI 60 cancer cell 
line screen at one dose of 1 × 10-5 M.186  Compound CM-17, ent-pimara-8(14), 15-dien-3-one, 
showed antiproliferative activity against melanoma (MALME-3M), renal (UO-31) and ovarian 
cancer cell lines (IGROV1) at a concentration of 10-5 M in the NCI 60 screen (Chapter 6). 
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CHAPTER 4 THE CHEMISTRY OF CROTON HAUMANIANUS 
4.1. Introduction  
4.1.1. Botanical aspects  
Croton haumanianus (Euphorbiaceae) J. Léonard is a tree, usually growing to between 15 and 
35 metres.54  The cylindrical bole is usually up to 40 cm in diameter, occasionally growing to 
100 cm.  It has been recorded mainly in the Congo, Democratic Republic of Congo, Equatorial 
Guinea and Southern Cameroon.  In the Democratic Republic of Congo, a decoction of the 
stem bark is popularly used in the treatment of gonorrhea and rheumatism, it is also used in 
killing rats, as well as in the preparation of arrow poisons.  It is also used in ceremonies to 
chase out bad spirits and to restore strength when taboos are committed.54  The stem bark of 
the plant has been reported previously to contain two diterpenoids, crotocorylifuran, a 
clerodane-type, and crotohaumanoxide, a crotofolane-type, of diterpenoid, and the triterpenoid, 
lupeol.55 
 
Figure 32: Photos of the stem bark (left) and leaves (right) of Croton haumanianus J. Léonard 
 
Figure 33: Photos of the flowers (left) and leaves of Croton haumanianus J. Léonard 187 
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4.1.2. The phytochemical investigations of leaves and stem bark of Croton haumanianus 
In this study, we report that the leaves and stem bark of Croton haumanianus contain a number 
of terpenoids, particularly diterpenoids and triterpenoids.  A total of forty-one compounds was 
isolated, including nineteen kauranes (CH-1 – CH-17b), a labdane (CH-18), four clerodanes 
(CH-19 – CH-21 and CH-28), seven isopimaranes (CH-29 – CH-34) and a phytane (CH-22) 
diterpenoid along with two sesquiterpenes, (S)-curcumene (CH-23) and caryophyllene oxide 
(CH-24), a phytosterol (CH-25), syringaldehyde (CH-26), phaeophytin-b (CH-27) and the 
triterpenoids, lupeol (CH-35) and lupenone (CH-36), and octyl ferulate (CH-37).  The methods 
used in the structural elucidation of the compounds are described in the Experimental Section 
8.2.2 and the structures of the compounds isolated in this study and their descriptions are given 
in Figure 34 and Figure 35 below.  
The compounds originate biosynthetically from the ent-pimarenyl cation.  The proposed 
biosynthetic routes for the formation of compounds CH-1 – CH-21 and CH-28 – CH-34 are 
illustrated in Scheme 11 and Scheme 12. 
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Figure 34: Compounds isolated from the leaves of Croton haumanianus (CH-1 to CH-27) 
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Scheme 9: Interrelationship of ent-kauranes isolated from the leaves of Croton haumanianus. 
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Scheme 10: Interrelationship of ent-kauranes isolated from the leaves of Croton haumanianus. 
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Scheme 11: Interrelationship of ent-clerodanes isolated from the leaves of Croton haumanianus. 
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Figure 35: Compounds isolated from the stem bark of Croton haumanianus (CH-28 to CH-37) 
 
Pimaranes and isopimaranes (formerly called sandaracopimaranes) arise by the further 
cyclisation of the labdane skeleton.  Pimaranes have the ethyl group at C-13 on the same sides 
as the methyl group at C-10 whereas in the isopimaranes they are on the opposite side of the 
molecule.144  Both pimaranes and isopimaranes occur in both enantiomeric series.  A 3D model 
showing the ent- and normal series of isopimarane is shown below in Figure 36.  
 
 
  
  
 
Figure 36: 3D structures showing the normal (left) and ent- (right) for isopimarane skeleton. 
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Scheme 12: Interrelationship of ent-isopimaranes isolated from the stem bark of Croton haumanianus. 
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4.2. Results and discussion 
4.2.1. Structural elucidation of compound CH-1: Ent-kaur-16-ene (Appendices 243-254)  
Compound CH-1 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus and was identified as the known kaurane diterpenoid, ent-kaur-16-ene.  
Ent-kaur-16-ene was previously isolated from Fritillaria thunbergii188 and Aristolochia 
triangularis.189,190  
         
Figure 37: The structure of compound CH-1: Ent-kaur-16-ene (showing correlations seen in the NOESY 
spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-1 gave a 
molecular ion peak [M]+ at m/z 272.3, indicating a C20H32 molecular formula.  Five degrees of 
unsaturation were calculated for this compound.  The FTIR spectrum showed absorption bands 
for =C-H stretch at 3065 cm-1,  for C-H stretches at 2922 cm-1 and 2850 cm-1, for C-H aliphatic 
stretches at 1656 cm-1, and at 872 cm-1 for an exocyclic double bond stretch.153    
The 1H NMR spectrum showed three methyl group singlet proton resonances at δH 1.02 (s, 3H), 
δH 0.85 (s, 3H) and δH 0.80 (s, 3H), two terminal methylene proton resonances at δH 4.79 (brs, 
W1/2 = 6.0 Hz) and δH 4.73 (brs, W1/2 = 6.0 Hz) ascribable to the two H-17 protons of a kaur-
16-ene and one allylic methine proton resonance, typical of H-13, at δH 2.63 (brs, W1/2 = 10.0 
Hz) of a kaur-16-ene diterpenoid.191  
The 13C NMR and DEPT spectra showed twenty carbon resonances for compound CH-1 with 
three methyl carbon (CH3), ten methylene carbon (CH2), three methine carbon (CH), and four 
fully substituted carbon (C) resonances.  The carbon resonances at δC 156.4 (C) and δC 103.0 
(CH2) were assigned to the olefinic carbon resonances of the exocyclic double bond of a kaur-
16-ene.  This double bond accounted for one degree of unsaturation and this supported the 
kaurane structure.  Kaurane diterpenoids possess a tetracyclic skeleton and usually possess an 
exocyclic double bond at C-16 and have been reported from the Croton genus.192,144,146,193   
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The HMBC spectrum showed correlations between the two H-17 resonances and carbon 
resonances at δC 44.3, δC 49.4 and δC 156.4 that were assigned as C-13, C-15 and C-16 
respectively.  The corresponding H-13 resonance showed coupling with the two H-12 
resonances (δH 1.62, m and δH 1.47, m) and the two H-14 resonances (δH 1.98, dd, J = 1.6 Hz, 
10.0 Hz and δH 1.10, m).  The carbon resonances at δC 33.5 (CH2) and δC 40.1 (CH2) could be 
assigned as C-12 and C-14.  The COSY spectrum showed that the 2H-11 resonances (δH 1.59, 
m) were coupled to the H-9 methine proton resonance (δH 1.06, m) and the corresponding 
carbon resonances that occurred at δC 18.4 (CH2) and δC 56.3 (CH) were assigned as C-11 and 
C-9 respectively using the HSQCDEPT spectrum. 
The two H-15 proton resonances (δH 2.00, d, J = 10.0 Hz and δH 2.05, d, J = 10.0 Hz) were 
observed to correlate in the HMBC spectrum with carbon resonances at δC 41.5 (CH2, C-7), δC 
44.5 (C, C-8) and those already assigned for C-14 occurring at δC 40.1 (CH2), and for C-9 
occurring at δC 56.3 (CH).  The C-9 resonance showed a correlation in the HMBC spectrum 
with 3H-20 singlet resonance (δH 1.02, s) and the corresponding C-20 resonance (δC 17.8, CH3). 
The HMBC spectrum showed correlations between the 3H-20 proton resonance with carbon 
resonances at δC 39.6 (C, C-10), δC 40.7 (CH2, C-1), δC 56.3 (CH, C-9) and δC 56.5 (CH, C-5).  
In addition, the C-5 resonance showed correlations in the HMBC spectrum with two methyl 
group proton singlet resonances at δH 0.80 (s, 3H-19) and δH 0.85 (s, 3H-18), and the two H-6 
resonances (δH 1.54, m and δH 1.34, m). The HSQCDEPT spectrum showed that the resonances 
that occurred at δC 33.9 (CH3), δC 21.9 (CH3) and δC 20.5 (CH2) were for C-18, C-19 and C-6 
respectively. 
 The COSY spectrum showed coupling between the two H-6 resonances and an overlapped 
pair of resonances at δH 1.50 (m) for 2H-7, and the 3H-18 and 3H-19 resonances showed 
correlations in the HMBC spectrum with carbon resonances at δC 42.3 (CH2, C-3) and δC 33.5 
(C, C-4).  The corresponding H-3 resonances (δH 1.36, m and δH 1.12, m) were assigned using 
the HSQCDEPT spectrum.  The COSY spectrum showed coupling between the two H-3 
resonances and the two H-2 resonances (δH 1.59, m and δH 1.40, m).  These two H-2 resonances 
were, in turn, observed to couple with the two H-1 resonances (1.82, d, J = 12.8 Hz and δH 
0.73, m).  The HSQCDEPT spectrum was used to assign the carbon resonances at δC 41.5 (CH2) 
and δC 18.9 (CH2) to C-7 and C-2 respectively. 
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The NOESY spectrum was used to assign the relative configuration for this compound.  
Correlations were seen between the 3H-20 and H-13, and the two H-14 resonances.  The 3H-
18 resonance was seen to correlate in the NOESY spectrum with two methine proton 
resonances, H-5 (δH 0.78, dd, J = 1.6 Hz, 12.8 Hz) and H-9 (δH 1.06, m).  Furthermore, the 3H-
18 resonance showed correlations in the NOESY spectrum with the H-9 and H-15β resonances.  
Therefore, from the NOESY spectrum, it was determined that 3H-19, 3H-20, H-13 and the two 
H-14 resonances were on one face of the molecule whereas, the 3H-18, H-5, H-9 and the two 
H-15 resonances were on the other face of compound CH-1 as seen in Figure 37. 
A specific rotation value of [α]20
D
  -51.5 (c 1.00, CH2Cl2) was determined.  The negative sign of 
the specific rotation indicated that compound CH-1 was an ent-kaurane diterpenoid.192  This 
was confirmed by using CD spectra of several co-isolated compounds from this extract.  This 
compound was identified as the known ent-kaur-16-ene, previously reported from Aristolochia 
triangularis, and the 13C-NMR data reported were similar to those of compound CH-1,189 
although, it was observed that C-1 and C-7 were interchanged in the literature but corrected 
and presented in Table 24 using 2D NMR experiments.   
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Table 24: Correlation table for NMR data of compound CH-1: Ent-kaur-16-ene. 
No. 
13C NMR (100 
MHz) in 
CDCl3 
13C NMR (100 
MHz) in 
CDCl3 189 
1H NMR 
(400 MHz) 
CDCl3 (J 
in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 40.7 CH2 41.3 
1.82 d J =  
12.8 
2, 3, 10, 20 1β, 2α, 2β 1β, 18, 19 
1β   0.73 m 2, 5, 9, 10, 20 1α, 2α, 2β 1α, 18, 19 
2α 18.9 CH2 18.7 1.59* m 1, 3, 4, 10 
1α, 1β, 2β, 
3α, 3β 
7α, 20 
2β   1.40 m 1, 3, 4, 10 
1α, 1β, 2α, 
3α, 3β 
5, 18 
3α 42.3 CH2 42.0 1.36 m 1, 4, 5, 18 2α, 2β, 3β 3β, 19 
3β   1.12 m 2, 4, 5, 18, 19 2α, 2β, 3α 3α 
4 33.5 C 33.3 - - - - 
5 56.5 CH 56.1 
0.78 dd J = 
2.0, 13.0 
1, 3, 4, 6, 7, 9, 
10, 18, 19, 20 
6α, 6β 2β, 9, 18 
6α 20.5 CH2 20.3 1.54 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 6β, 7α, 7β, 19 
6β   1.31 m 4, 5, 7, 10 5, 6α, 7α, 7β 6α 
7α 41.5 CH2 40.4 1.50 m 5, 6, 8, 9, 14 6α, 6β, 7β 2α, 6α, 9 
7β   1.50 m 5, 6, 9, 14 6α, 6β, 7α 6α, 9 
8 44.5 C 44.2 - - - - 
9 56.3 CH 56.1 1.06 m 
1, 7, 8, 10, 11, 
14, 15, 20 
11α, 11β 
5, 7α, 7β, 15α, 
15β, 18 
10 39.6 C 39.3 - - - - 
11α 18.4 CH2 18.1 1.59* m 
8, 9, 10, 12, 
13 
9, 11β, 12α, 
12β 
9, 20 
11β   1.59* m 
8, 9, 10, 12, 
13 
9, 11α, 12α, 
12β 
9, 20 
12α 33.5 CH2 33.3 1.62 m 11, 13, 14 
11α, 11β, 12β, 
13 
20 
12β   1.47 m 
9, 11, 13, 14, 
16 
11α, 11β, 
12α, 13 
15α, 15β 
13 44.3 CH 44.2 
2.63 brs 
W1/2 = 10.0 
 
12α, 12β, 
14α, 14β, 
17A, 17B 
17A, 17B, 20 
14α 40.1 CH2 39.9 
1.98 dd J = 
1.6, 10.0 
7, 8, 9, 13, 15 13, 14β 20 
14β   1.10 m 7, 8, 9, 13 13, 14α 20 
15α 49.4 CH2 49.2 
2.05 d J =  
10.0 
7, 8, 9, 13, 14, 
16, 17 
15β, 17A, 
17B 
9, 12β, 17A, 17B 
15β   
2.00 d J =  
10.0 
7, 8, 9, 13, 16 
15α, 17A, 
17B 
9, 12β, 18 
16 156.4 C 156.0 - - - - 
17A 103.0 CH2 102.8 
4.79 brs 
W1/2 = 6.0 
13, 15, 16 
13, 15α, 15β, 
17B 
13, 15α, 15β, 
17B 
17B   
4.73 brs 
W1/2 = 6.0 
13, 15, 16 
13, 15α, 15β, 
17A 
13, 17A 
18 21.9 CH3 21.7 0.80 s 3, 4, 5, 19 - 2β, 5, 9, 15 
19 33.9 CH3 33.7 0.85 s 3, 4, 5, 18 - 3α, 6α, 20 
20 17.8 CH3 17.6 1.02 s 1, 5, 9, 10 - 
2α, 11α, 11β, 
12α, 13, 14α, 
14β, 19 
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4.2.2. Structural elucidation of compound CH-2: Ent-kaur-15-en-17-ol (Appendices 255-
266)  
Compound CH-2 was isolated as a white solid from both the dichloromethane and methanol 
extracts of the leaves of C. haumanianus and was identified to be the known ent-kaur-15-en-
17-ol which was previously isolated from Aristolochia elegans, Aristolochia pubescens 194 
Aristolochia traingularis189,190 and Croton lacciferus.195 
      
Figure 38: The structure of compound CH-2: Ent-kaur-15-en-17-ol (showing correlations seen in the 
NOESY spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-2 gave a 
molecular ion peak [M]+ at m/z 288.2, indicating a C20H32O formula with five degrees of 
unsaturation.  The FTIR spectrum showed absorption bands for O-H stretches at 3289 cm-1 and 
2927 cm-1 and 2850 cm-1 for C-H aliphatic stretches. 
The 1H and 13C NMR spectroscopic data for compound CH-2 were similar to that of compound 
CH-1 showing that rings A, B, and C were the same.  The variations in the NMR data of  
compound CH-2 were observed to occur for ring D, due to the presence of superimposed 
oxymethylene group resonances at  δH 4.18 (d, J = 1.5 Hz) for 2H-17, and δC 61.4 (CH2, C-17) 
instead of the typically downfield proton resonances of the two exocyclic H-17 that occurred 
at δH 4.79 (brs, W1/2 = 6.0 Hz) and δH 4.73 (brs, W1/2 = 6.0 Hz) and carbon resonances at δC 
156.4 (C, C-16) and δC 103.0 (CH2, C-17) for compound CH-1. 
In compound CH-2, the exocyclic double bond had been modified to an oxymethylene group 
with the double bond shifting to C-15.  This modification was supported by the HMBC NMR 
experiment, in which the oxymethylene proton resonances at δH 4.18 (d, J = 1.5 Hz) showed 
correlations with carbon resonances at δC 136.2 (CH, C-15), δC 146.1 (C, C-16) and δC 41.4 
(CH, C-13).  Additionally, correlations were observed in the HMBC spectrum between the 
alkene proton resonance occurring at δH 5.34 (brs W1/2 = 4.1 Hz) and carbon resonances at δC 
48.6 (CH, C-9), δC 44.1 (CH2, C-14) and δC 146.1 (C, C-16).  The information from the data 
given above confirmed the presence of a 17-hydroxy group and one alkene double bond at C-
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15.  The specific rotation for compound CH-2 was determined to be [α]20
D
  -40.6 (c 1.00, CH2Cl2) 
and (Literature, [α]17
D
  -26.1 (c 3.3, CHCl3))
195 which confirmed that compound CH-2 belonged 
to the ent-kaurane series.  This compound was determined to be the known ent-kaur-15-en-17-
ol previously isolated from Aristolochia triangularis as well as Croton lacciferus195 and the 
carbon NMR data were compared with those reported by Pacheco et al.  The C-1, C-3 and C-
14 resonances are wrongly assigned in the literature and have been corrected by the use of 2D 
NMR experiments.189,190   
The NOESY spectrum showed that the configurations at chiral centres of compound CH-2 
were the same as those of compound CH-1.  
 
Table 25: Correlation table for NMR data of compound CH-2: Ent-kaur-15-en-17-ol. 
No. 
13C NMR (100 
MHz) in 
CDCl3 
13C NMR (100 
MHz) in CDCl3 
189,190
 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 40.7 CH2 42.0 1.76 m 
2, 3, 5, 9, 10, 
20 
1β, 2α, 2β 
2α, 3α, 11α, 
20 
1β   0.73 m 
2, 3, 5, 9, 10, 
20 
1α, 2α, 2β 2β, 3β, 5, 18 
2α 18.9 CH2 18.6 1.54* m 1, 3, 10 
1α, 1β, 2β, 
3α, 3β 
1α, 3α, 19, 20 
2β   1.35* m 1, 3, 4, 10 
1α, 1β, 2α, 
3α, 3β 
1β, 3β, 18 
3α 42.3 CH2 43.8 1.35* m 
1, 2, 5, 18, 
19 
2α, 2β, 3β 1α, 2α, 5, 19 
3β   1.12 m 
1, 2, 4, 5, 18, 
19 
2α, 2β, 3α 1β, 2β, 18 
4 33.5 C 33.2 - - - - 
5 56.2 CH 55.8 0.75 m 
1, 3, 4, 6, 7, 
9, 10, 18, 19, 
20 
6α, 6β 
1β, 6β, 7β, 9, 
18 
6α 19.4 CH2 19.2 1.54* m 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3α, 7α, 11α,  
14α, 19, 20 
6β   1.25 m 5, 7, 10 
5, 6α, 7α, 
7β 
3β, 5, 7β, 
11β,  14β, 18 
7α 39.5 CH2 39.2 1.56 m 
5, 6, 8, 9, 14, 
15 
6α, 6β, 7β 
6α, 11α, 14α,  
19, 20 
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7β   1.51 m 
5, 6, 8, 9, 14, 
15 
6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15, 17B, 
18 
8 49.2 C 48.8 - - - - 
9 48.6 CH 48.3 1.00 m 
1, 5, 7, 8, 10, 
11, 14, 15, 
20 
11α, 11β 
5, 7β, 11β, 
12β, 15 
10 39.7 C 39.4 - - - - 
11α 18.8 CH2 18.6 1.59* m 
8, 9, 10, 12, 
13 
9, 11β, 
12α, 12β 
1α, 6α, 7α, 
12α, 14α 
11β   1.51* m 
8, 9, 10, 12, 
13 
9, 11α, 
12α, 12β 
5, 6β, 7β, 9, 
12β, 14β, 15 
12α 25.9 CH2 25.6 1.51* m 
9, 11, 13, 14, 
16 
11α, 11β, 
12β, 13 
11α, 14α 
12β   1.48 m 9, 11, 14, 16 
11α, 11β, 
12α, 13 
9, 11β, 14β 
13 41.4 CH 41.1 
2.53 brd W1/2 = 
10.0 
8, 11, 12, 14, 
15, 16 
12α, 12β, 
14β 
14β, 17A 
14α 44.1 CH2 40.4 
2.12 brd W1/2 = 
10.0 
7, 8, 9, 13, 
15, 16 
14β 6α, 7α, 12α 
14β   1.35 m 7, 8, 9, 13 13, 14α 
7β, 11β, 12β, 
13 
15 136.2 CH 135.7 
5.34 brs W1/2 = 
4.1 
7, 8, 9, 13, 
14, 16, 17 
17A, 17B 
5, 7β, 9, 11β, 
17B, 18 
16 146.1 C 145.6 - - - - 
17A 61.4 CH2 61.1 4.18 d J = 1.5 13, 15, 16 15 15 
17B   4.18 d J = 1.5 13, 15, 16 15 15 
18 21.8 CH3 21.5 0.79 s 3, 4, 5, 19 - 
1β, 2β, 3β, 5, 
6β, 7β, 15 
19 33.8 CH3 35.5 0.84 s 3, 4, 5, 18 - 
2α, 3α 6α, 7α, 
20 
20 17.9 CH3 17.6 1.03 s 1, 5, 9, 10 - 
1α 2α, 3α, 6α, 
7α, 19 
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4.2.3. Structural elucidation of compound CH-3: Ent-kaur-15-ene-17,19-diol 
(Appendices 267-277)  
Compound CH-3 was isolated as a white solid from both the dichloromethane and methanol 
extracts of the leaves of Croton haumanianus.  Compound CH-3 was identified as the known 
ent-kaur-15-ene-17,19-diol, previously isolated from the aerial part of Baccharis minutiflora 
196 and Annona glabra.197 
       
Figure 39: The structure of compound CH-3: Ent-kaur-15-ene-17,19-diol (showing correlations seen in 
the NOESY spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-3 gave a 
molecular ion peak [M]+ at m/z 304.2, indicating a C20H32O2 molecular formula. This molecular 
formula showed one more oxygen atom than that of compound CH-2 and gave five degrees of 
unsaturation.  The FTIR spectrum showed broad absorption bands for O-H stretches at 3417 
cm-1, for =C-H stretch at 3055 cm-1, and 2927 cm-1 and 2850 cm-1 for C-H aliphatic stretches. 
The similarities between the NMR spectra of compound CH-3 and those of compound CH-2 
showed that they have the same basic skeleton with an additional oxymethylene group.  Instead 
of the 3H-19 resonance that occurred as a singlet in compound CH-2, a pair of oxymethylene 
proton resonances occurring as doublets at δH 3.73 (d, J = 11.5 Hz) and δH 3.45 (d, J = 11.5 
Hz) were present and the corresponding carbon resonance was found to occur at δC 65.7 (CH2) 
indicating a CH2OH group at C-19.  This was confirmed by correlations observed in the HMBC 
spectrum between the C-19 resonance with 3H-18 (δH 0.96, s), two H-3 (δH 1.75, m and δH 
0.94, m) and H-5 (δH 0.98, m) resonances. 
The hydroxy group was placed at C-19 (rather than C-18) due to the correlations observed in 
the NOESY spectrum between the two H-19 resonances and the 3H-20 resonance.  The specific 
rotation for compound CH-3 was determined to be [α]21
D
  -49.0 (c 0.80, CH2Cl2) while [α]
24
D
  -
32.0 (c 0.32, CHCl3) was reported in the literature.
197  A search in the literature showed that 
compound CH-3 was the known ent-kaur-15-ene-17,19-diol.  However, the NMR data for this 
compound has not been reported previously. 
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Table 26: Correlation table for NMR data of compound CH-3: Ent-kaur-15-ene-17,19-diol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 40.8 CH2 1.83 m 2, 3, 5, 9, 10, 20 1β, 2α, 2β 2α, 3α, 20 
1β  0.78 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 2β 
2α 19.0 CH2 1.59 m 1, 3, 9 
1α, 1β, 2β, 3α, 
3β 
1α, 3α, 20 
2β  1.56 m 1, 3, 4 
1α, 1β, 2α, 3α, 
3β 
1β 
3α 35.8 CH2 1.75 m 1, 2, 5, 18, 19 2α, 2β, 3β 1α, 2α, 6α, 20 
3β  0.94 m 2, 4, 5, 18, 19 2α, 2β, 3α  
4 38.9 C - - - - 
5 56.7 CH 0.98 m 
1, 3, 4,  7, 9, 10, 18, 
19, 20 
6α, 6β 6β, 7β, 9, 18 
6α 19.7 CH2 1.62 m 5, 7, 8, 10 5, 6β, 7α, 7β 
3α, 7α, 11α, 
20 
6β  1.27 m 4, 5 5, 6α, 7α, 7β 
5, 7β, 11β,  
14β, 18 
7α 39.9 CH2 1.58 m 5, 6, 8, 9, 14 6α, 6β, 7β 6α, 11α 
7β  1.58 m 5, 6, 8, 9, 14 6α, 6β, 7α 5, 6β, 18 
8 49.1 C - - - - 
9 48.8 CH 1.01 m 1, 7, 8, 10, 11, 14, 20 11α, 11β 5, 18 
10 39.7 C - - - - 
11α 18.5 CH2 1.55 m 8, 9, 10, 12, 13 9, 11β, 12α, 12β 
6α, 7α, 12α, 
14α 
11β  1.41 m 8, 9, 10, 13 9, 11α, 12α, 12β 6β, 12β, 14β 
12α 25.8 CH2 1.52 m 9, 11, 13 
11α, 11β, 12β, 
13 
11α 
12β  1.49 m 9 
11α, 11β, 12α, 
13 
11β, 14β 
13 41.4 CH 
2.53 brs W1/2 = 
10.0 
8, 11, 12, 16 12α, 12β, 14β 
14β, 17A, 
17B, 20 
14α 44.0 CH2 2.08 m 9, 15, 16 14β 7α, 11α, 20 
14β  1.35 m 7 13, 14α 
6β, 12β, 13, 
20 
15 136.0 CH 5.35 brs W1/2 = 4.2 7, 8, 13, 17 17A, 17B 17A, 17B 
16 146.3 C - - - - 
17A 61.6 CH2 4.18 d J = 1.5 13, 15, 16 15 13, 15 
17B  4.18 d J = 1.5 13, 15, 16 15 13, 15 
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18 27.2 CH3 0.96 s 3, 4, 5, 19 - 5, 9, 6β, 7β 
19A 65.7 CH2 3.73 d J = 11.5 4, 5, 18 19B 19B, 20 
19B  3.45 d J = 11.5 3, 18 19A 19A, 20 
20 18.4 CH3 1.03 s 1, 5, 9, 10 - 
1α, 2α, 3α, 6α, 
7α, 13, 14α, 
14β, 19A, 19B 
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4.2.4. Structural elucidation of compound CH-4: Ent-kaur-15-ene-3β,17-diol 
(Appendices 278-288)  
Compound CH-4 was isolated as a yellow solid from both the dichloromethane and methanol 
extracts of the leaves of Croton haumanianus.  This was found to be a new 3α-hydroxy 
derivative of compound CH-2. 
      
Figure 40: The structure of compound CH-4: Ent-kaur-15-ene-3β,17-diol (showing correlations seen in 
the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CH-4 
gave a [M+NH4]
+ peak at m/z 322.2730 indicating a C20H32O2 formula for compound CH-4.  
This molecular formula showed one more oxygen atom than in compound CH-2 and it gave 
five degrees of unsaturation.  The FTIR spectrum showed a broad absorption band for an O-H 
stretch at 3407 cm-1, and absorption bands at 2930 cm-1 and 2856 cm-1 for C-H aliphatic 
stretches. 
The NMR spectra of compound CH-4 were very similar to those of compound CH-2 except 
that the 1H NMR spectrum showed an oxymethine proton resonance at δH 3.19 (dd, J = 5.0 Hz, 
11.5 Hz) and corresponding carbon resonance at δC 79.2 that were not present in compound 
CH-2.  A hydroxy group was placed at C-3 due to the correlations seen in the HMBC spectrum 
between the 3H-18 and the 3H-19 resonances with the carbon resonance at δC 79.2 (CH).  The 
H-3 resonance showed correlations in the HMBC with carbon resonances at δC 38.9 (CH2, C-
1), δC 27.6 (CH2, C-2), δC 39.1 (C, C-4) and δC 55.1 (CH, C-5). 
The configuration at C-3 of compound CH-4 was determined as α, due to the H-3 resonance 
occurring at δH 3.19 (dd, J = 5.0 Hz, 11.5 Hz), as expected for a 3α-hydroxy group of an ent-
diterpenoid.165  This was confirmed by correlations seen in the NOESY spectrum between the 
H-3 and the 3H-18, H-9 and H-5 resonances, indicating that 3H-18, H-9, H-5 and H-3 were on 
the β face of the molecule and 3-OH is on the α face of the molecule.  The data above confirmed 
that compound CH-4 was a 3α,17-dihydroxy compound with a double bond at C-15.   
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The specific rotation for compound CH-4 was determined to be [α]21
D
  -52.0 (c 1.00, CH2Cl2).  
A search in the literature showed that compound CH-4 has been isolated previously.  Bandara 
et al. (1988) reported an ent-kaur-15-en-3β,17-diol from Croton lacciferus.195  The literature 
NMR data and those of compound CH-4 were compared but those of ring A did not match 
well as can be seen in Table 27.  As they did not have 2D NMR technique, they could have 
misassigned the 13C NMR data.  However, interchanging the data to match those of compound 
CH-4 still didn’t allow for data to match.  Thus it is unclear whether they had a different 
configuration at C-3 and published an incorrect structure. 
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Table 27: Correlation table for NMR data of compound CH-4: Ent-kaur-15-ene-3β,17-diol. 
No. 
13C NMR (100 
MHz) in CDCl3 
13C NMR (75.5 
MHz) in 
CDCl3195 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 38.9 CH2 43.8 1.83 m 
2, 3, 5, 9, 
10, 20 
1β, 2α, 2β 1β, 2α, 2β, 20 
1β   0.83 m 2, 5, 20 1α, 2α, 2β 1α, 2α, 2β 
2α 27.6 CH2 38.7 1.60 m 1, 3, 4, 10 
1α, 1β, 2β, 
3 
1α, 2β 
2β   1.57 m 1, 3, 4, 10 
1α, 1β, 2α, 
3 
1α, 2β 
3 79.2 CH 78.8 
3.19 dd J = 
5.0, 11.5 
1, 2, 4, 5, 
18, 19 
2α, 2β 5, 9, 18 
4 39.1 C 38.8 - - - - 
5 55.1 CH 48.7 0.73 m 
1, 3, 4, 6, 7, 
9, 10, 18, 
19, 20 
6α, 6β 3, 7β, 9, 18 
6α 19.2 CH2 19.0 1.59 m 4, 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3α, 7α, 11α,  
14α, 19, 20 
6β   1.33 m 5, 10 
5, 6α, 7α, 
7β 
7β, 11β,  14β 
7α 39.4 CH2 38.7 1.58 m 
5, 6, 8, 9, 
14, 15 
6α, 6β, 7β 
6α, 11α, 14α,  
19, 20 
7β   1.58 m 
5, 6, 8, 9, 
14, 15 
6α, 6β, 7α 
5, 7β, 9, 11β, 
15 
8 48.5 C 48.2 - - - - 
9 48.9 CH 54.8 0.96 m 
1, 7, 8, 10, 
11, 12, 14, 
15, 20 
11α, 11β 
3, 5, 7β, 15, 
18 
10 39.4 C 39.1 - - - - 
11α 19.0 CH2 17.7 1.58 m 
8, 9, 10, 12, 
13 
9, 11β, 
12α, 12β 
7α, 12α, 14α 
11β   1.51 m 8, 9, 10, 13 
9, 11α, 
12α, 12β 
6β, 7β, 12β, 
14β 
12α 25.8 CH2 25.6 1.52 m 9, 11, 13, 14 
11α, 11β, 
12β, 13 
11α, 14α 
12β   1.50 m 9, 11, 13, 14 
11α, 11β, 
12α, 13 
11β, 14β 
13 41.4 CH 41.1 2.56 m  
12α, 12β, 
14α 14β 
14β 
14α 44.0 CH2 39.1 2.08 m 
7, 8, 9, 12, 
15, 16 
13, 14β 7α, 11α, 12α 
14β   1.35 m 7, 8, 9, 12 13, 14α 
6β, 11β, 12β, 
13, 20 
15 136.0 CH 135.6 
5.35 brs W1/2 = 
3.8 
8, 9, 13, 14, 
16 
17A, 17B 
7β, 9, 17A, 
17B 
16 146.4 C 146.2 - - - - 
17A 61.5 CH2 61.3 4.18 d J = 1.5 13, 15, 16 15, 17B 15 
17B   4.18 d J = 1.5 13, 15, 16 15, 17A 15 
18 15.6 CH3 18.7 0.77 s 3, 4, 5, 19 - 3, 5, 9 
19 28.5 CH3 28.2 0.98 s 3, 4, 5, 18 - 6α, 7α, 20 
20 17.9 CH3 17.6 1.04 s 1, 5, 9, 10 - 
1α, 6α, 7α, 19, 
14β 
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4.2.5. Structural elucidation of compound CH-5: Ent-16R-kauran-17-al (Appendices 
289-300)  
Compound CH-5 was isolated as a white solid from both the dichloromethane and methanol 
extracts of the leaves of Croton haumanianus and was determined to be ent-16R-kauran-17-al.  
       
Figure 41: The structure of compound CH-5: Ent-16R-kauran-17-al (showing correlations seen in the 
NOESY spectrum). 
The HRESIMS for compound CH-5 gave a [M+H]+ peak at m/z 289.2535, consistent with a 
C20H32O molecular formula for the compound.  This molecular formula accounted for five 
degrees of unsaturation.  The FTIR spectrum showed absorption bands at 2924 cm-1 and 2851 
cm-1 for C-H aliphatic stretches and 1724 cm-1 for the C=O stretch of an aldehyde. 
The 1H and 13C NMR spectroscopic data of compound CH-5 were comparable to those of 
compound CH-1, except for the terminal methylene group proton resonances.  Instead, 
resonances due to an aldehyde group were present at δH 9.65 (d, J = 2.0 Hz) and δC 204.0 (CH).  
The proton resonance was assigned as H-17 by its correlations with the C-13 (CH, δc 38.2), C-
15 (CH2, δC 40.6) and C-16 (CH, δC 53.9) resonances in the HMBC spectrum. 
The NOESY experiment was used to assign the configuration at the C-16 chiral centre.  The 
correlations observed in the NOESY spectrum between the H-13, H-14α and H-16 resonances 
confirmed the configuration at the C-16 chiral centre.  The specific rotation for compound CH-
5 was determined to be [α]21
D
 -62.5 (c 1.00, CH2Cl2).  A search in the literature showed that 
16β(H)-form has been isolated previously from Baccharis minutiflora.196  A comparison of the 
reported 1H NMR data and those of compound CH-5 showed significant differences in the 1H 
NMR chemical shifts of the H-13, H-18 and H-20 resonances (Table 28), which supported the 
difference in configuration at C-16.  Although, they did not use the NOESY experiment to 
assign configuration at C-16, they reported it as 16β(H)-form due to the chemical shifts of H-
13 and H-14 which the authors reported were deshielded by the C-17 carbonyl group.  
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Therefore, compound CH-5 was unequivocally determined to be an undescribed ent-16R-
kauran-17-al. 
Table 28: Correlation table for NMR data of compound CH-5: Ent-16R-kauran-17-al A compaired 
against ent-16S-kauran-17-al B. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) A 
1H NMR 
(100 MHz) 
in CDCl3 
196
 B 
HMBC 
(H→C) 
COSY NOESY 
1α 40.7 CH2 1.72 m  
2, 3, 5, 9, 10, 
20 
1β, 2α, 2β 
2α, 3α, 11α, 18, 
19 
1β  0.73 m  2, 3, 5, 10, 20 1α, 2α, 2β 2β, 3β, 5, 18 
2α 18.9 CH2 1.59 m  1, 3, 4, 10 
1α, 1β, 2β, 3α, 
3β 
1α, 3α, 19, 20 
2β  1.40 m  1, 3, 4, 10 
1α, 1β, 2α, 3α, 
3β 
1β, 3β, 18 
3α 42.2 CH2 1.36 m  18 2α, 2β, 3β 1α, 2α, 6α, 19, 20 
3β  1.12 m  18, 19 2α, 2β, 3α 1β, 2β, 6β, 18 
4 33.5 C - - - - - 
5 56.4 CH 
0.78 dd J = 2.0, 
13.0 
 
1, 3, 4, 6, 7, 9, 
10, 18, 19, 20 
6α, 6β 1β, 6β, 7β, 9, 18 
6α 20.9 CH2 1.58 m  5, 7, 8, 10 5, 6β, 7α, 7β 
3α, 7α, 11α, 14α, 
19, 20 
6β  1.23 m  4, 5, 10 5, 6α, 7α, 7β 
3β, 5, 7β, 11β, 
14β, 15β, 20 
7α 41.2 CH2 1.50 m  
5, 6, 8, 9, 14, 
15 
6α, 6β, 7β 
6α, 9, 11α, 14α, 
19, 20 
7β  1.50 m  6, 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β, 
14β, 15α 
8 45.3 C - - - - - 
9 56.4 CH 1.05 m  
1, 7, 8, 10, 11, 
14, 15, 20 
11α, 11β 
5, 7β, 11β, 12β, 
15β 
10 39.5 C - - - - - 
11α 18.7 CH2 1.67 m  8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 12α, 
14α 
11β  1.54 m  8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 12β, 
14β 
12α 31.4 CH2 1.64 m  
9, 11, 13, 14, 
16 
11α, 11β, 12β, 
13 
11α 
12β  1.50 m  
9, 11, 13, 14, 
16 
11α, 11β, 12α, 
13 
9, 11β 
13 38.2 CH 
2.53 brs W1/2 = 
10.0 
2.83 br 
11, 12, 14, 15, 
17 
12α, 12β, 14β, 
16 
14β, 16, 19, 20 
14α 38.1 CH2 
1.90 dd J = 1.6, 
13.1 
1.89 d br 
7, 8, 9, 12, 13, 
15, 16 
14β 6α, 7α, 11α, 16 
14β  0.85 m  
7, 8, 9, 12, 13, 
15, 16 
13, 14α 11β, 13 
15α 40.6 CH2 1.76 m 1.71 dd 
7, 8, 9, 13, 14, 
16, 17 
15β, 16 7β 
15β  1.76 m 1.71 dd 
7, 8, 9, 13, 14, 
16, 17 
15α, 16 6β, 9 
16 53.9 CH 2.57 m 2.56 dd br 
12, 13, 14, 15, 
17 
13, 15α, 15β, 
17 
13, 14α 
17 204.0 CH 9.65 d J = 2.0 9.64 d 13, 15, 16 16 16, 15β 
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18 21.8 CH3 0.80 s 0.98 s 3, 4, 5, 19 - 
1β, 2β, 3β, 5, 6β, 
7β 
19 33.9 CH3 0.85 s 0.83 s 3, 4, 5, 18 - 
1α, 2α, 3α, 6α, 
7α, 13, 20 
20 17.7 CH3 0.99 s 0.78 s 1, 5, 9, 10 - 
1α, 2α, 3α, 6α, 
7α, 13, 19 
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4.2.6. Structural elucidation of compound CH-6: Ent-19-hydroxy-16R-kauran-17-al 
(Appendices 301-310)  
Compound CH-6 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus.  It was determined to be the known ent-19-hydroxy-16R-kauran-17-
al that was previously isolated from Baccharis minutiflora196 and Ozothamnus hookeri.198  
       
Figure 42: The structure of compound CH-6: Ent-19-hydroxy-16R-kauran-17-al (showing correlations 
seen in the NOESY spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-6 gave a 
molecular ion peak [M]+ at m/z 304.2, indicating a C20H32O2 formula. This showed an 
additional oxygen atom than for compound CH-5 and with five degrees of unsaturation as was 
calculated for compound CH-5.  In the FTIR spectrum of compound CH-6 showed absorption 
bands at 3443 cm-1 and 1718 cm-1 indicating the presence of hydroxyl and carbonyl groups. 
The NMR spectra of compound CH-6 were similar to those of compound CH-5 except for the 
additional oxymethylene group proton resonances at δH 3.73 (d, J = 11.0 Hz) and δH 3.42 (d, J 
= 11.0 Hz) and a carbon resonance at δC 65.7 (CH2) replacing a methyl group at C-19 of 
compound CH-5.  The two H-19 resonances were seen to correlate in the HMBC spectrum 
with carbon resonances at δC 35.8 (CH2, C-3), δC 39.4 (C, C-4), δC 57.0 (CH, C-5) and δC 27.3 
(CH3, C-18) as was observed in compound CH-3.  
The hydroxy group was placed at C-19 due to the correlation observed in the NOESY spectrum 
between the two H-19 resonances and the 3H-20 resonance.  A specific rotation for compound 
CH-6 was determined to be [α]21
D
 -72.8 (c 1.00, CH2Cl2).  A search in the literature showed that 
compound CH-6 was reported to be the known ent-19-hydroxy-16R-kauran-17-al.198  
Although, Bohlmann et al.196 gave incomplete 1H NMR data, that provided was comparable to 
data obtained for compound CH-6. 
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Table 29: Correlation table for NMR data of compound CH-6: Ent-19-hydroxy-16R-kauran-17-al. 
No. 
13C NMR 
(100 
MHz) in 
CDCl3 
1H NMR 
(400 MHz) 
CDCl3 (J 
in Hz) 
1H NMR 
(100 
MHz) in 
CDCl3196 
HMBC (H→C) COSY NOESY 
1α 40.7 CH2 1.82 m  2, 3, 9, 10 1β, 2α, 2β 20 
1β  0.78 m  2, 3, 5, 9, 10, 20 1α, 2α, 2β 2α, 9, 18 
2α 18.8 CH2 1.56 m  1, 3, 4, 10 
1α, 1β, 2β, 
3α, 3β 
1β, 11α, 13 
2β  1.40 m  3 
1α, 1β, 2α, 
3α, 3β 
11β, 18 
3α 35.8 CH2 1.76 m  1, 4, 19 2α, 2β, 3β 7α, 20 
3β  0.91 m  1, 2, 4, 5, 18, 19 2α, 2β, 3α 5 
4 39.4 C -  - - - 
5 57.0 CH 0.94 m  
1, 3, 4, 7, 9, 10, 
18, 19, 20 
6α, 6β 3β, 6β, 7β, 18 
6α 21.2 CH2 1.64 m  4, 5, 8, 10 5, 6β, 7α, 7β 13, 14α, 14β, 19A, 19B 
6β  1.30 m  4, 5, 10 5, 6α, 7α, 7β 5 
7α 41.6 CH2 1.49 m  5, 6, 8, 9, 14, 15 6α, 6β, 7β 3α 
7β  1.49 m  5, 6, 8, 9, 14, 15 6α, 6β, 7α 5, 7β 
8 45.3 C -  - - - 
9 56.5 CH 1.05 m  
1, 5, 7, 8, 10, 11, 
14, 15, 20 
11α, 11β 1β, 7β, 12β, 15α, 15β 
10 39.1 C - - - - - 
11α 18.5 CH2 1.56 m  8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
2α, 13, 15α, 15β 
11β  1.40 m  10 
9, 11α, 12α, 
12β 
2β, 15α, 15β, 17 
12α 31.3 CH2 1.66 m  9, 11, 13, 14, 16 
11α, 11β, 12β, 
13 
13 
12β  1.50 m  9, 11, 13, 14, 16 
11α, 11β, 12α, 
13 
9, 16 
13 38.1 CH 
2.53 brs 
W1/2 = 10.0 
2.54 br 12, 14, 15 
12α, 12β, 14α, 
14β, 16 
2α, 6α, 11α, 12α, 13, 14α 
14α 37.9 CH2 1.85 m 1.85 d br 7, 9, 13, 15, 16 13, 14β 6α, 13, 16 
14β  0.83 m 0.85 d br 7, 8, 9, 13, 15, 16 13, 14α 6α, 17 
15α 40.5 CH2 1.72 m 1.72 dd 7, 8, 9, 13, 14, 16 15β, 16 9, 11α, 11β 
15β  1.72 m 1.72 dd 7, 8, 9, 13, 14, 16 15α, 16 9, 11α, 11β 
16 53.8 CH 2.56 m 2.57 dd br 
8, 12, 13, 14, 15, 
17 
13, 15α, 15β, 
17 
12β, 13, 14α 
17 203.9 CH 
9.65 d J = 
2.0 
9.64 d 15, 16 13, 16 11β, 14 
18 27.3 CH3 0.96 s 0.97 s 3, 4, 5, 19 - 1β, 2β, 5, 9, 11β 
19A 65.7 CH2 
3.73 d J = 
11.0 
3.73 d 3, 4, 18 19B 6α, 20 
19B  
3.42 d J = 
11.0 
3.43 d br 3, 4, 5, 18 19A 6α, 20 
20 18.2 CH3 0.98 s 0.94 s 1, 5, 9, 10 - 1α, 3α, 19A, 19B 
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4.2.7. Structural elucidation of compound CH-7: Ent-3β-hydroxy-16R-kauran-17-al 
(Appendices 311-321)  
Compound CH-7 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus and found to be a 3α-hydroxy derivative of compound CH-5 and was 
determined to be an undescribed kaurane diterpenoid, ent-3β-hydroxy-16R-kauran-17-al. 
       
Figure 43: The structure of compound CH-7: Ent-3β-hydroxy-16R-kauran-17-al (showing correlations 
seen in the NOESY spectrum). 
The HRESIMS for compound CH-7 gave a [M+H]+ peak at m/z 305.2464 which indicated a 
molecular formula of C20H33O2.  This molecular formula showed one more oxygen atom than 
that of compound CH-5 and five degrees of unsaturation.  The FTIR spectrum showed a broad 
absorption band at 3418 cm-1, that was attributed to a hydroxyl stretch, an absorption band at 
1717 cm-1 for a carbonyl stretch and absorption bands at 2932 cm-1 and 2865 cm-1 for C-H 
aliphatic stretches. 
The 1H NMR and the 13C NMR data showed that rings B, C and D were the same for 
compounds CH-5 and compound CH-7.  However, the 13C NMR spectrum of compound CH-
7 displayed an oxymethine carbon resonance at δC 79.2.  The 1H NMR spectrum exhibited 
similar chemical shifts to those of compound CH-5 except for the presence of an oxymethine 
proton resonance at δH 3.19 (dd, J = 5.0 Hz, 11.5 Hz). 
The H-3 resonance was observed to correspond to the carbon resonance at δC 79.2 in the 
HSQCDEPT spectrum.  This carbon resonance was seen to be correlated to the two methyl 
proton resonances at δH 0.97 (s, H-19) and δH 0.77 (s, H-18) in the HMBC spectrum.  The 
position of the hydroxyl group at C-3 was confirmed by the COSY spectrum.  The two H-2 
resonances (δH 1.62, m and δH 1.59, m) were seen to couple with the H-3 resonance (δH 3.19, 
dd, J = 5.5 Hz, 11.5 Hz) in the COSY spectrum.  The structure of this compound was 
determined to be ent-3β-hydroxy-16R-kauran-17-al. 
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The negative specific rotation of [α]21
D
 -77.4 (c 0.57, CH2Cl2) that was determined for compound 
CH-7 indicated that it belongs to the ent- kaurane series.  The configuration at C-3 group was 
determined using the NOESY spectrum.  The correlations observed between the known β- 
configured H-5, H-9 and H-18 resonances and the H-3 resonance in the NOESY spectrum 
indicated that the hydroxyl group was in the α orientation.  As was observed in compound CH-
4, the resonance for H-3 occurred at δH 3.19 (dd, J = 5.0 Hz, 11.5 Hz) with the same coupling 
constants, confirming its β-axial orientation. 
A search in the Scifinder157 and Dictionary of Natural Products158 databases showed the 3β-
hydroxy derivative has been reported.  Arciniegas et al. prepared ent-3α-hydroxy-16R-kauran-
17-al ([α]25
D
 -68 (c 0.1, CHCl3) from hydrolysis of 3-O-β-D-glucopyranosyl-3,16,17-trihydroxy-
ent-kaurane.199  The 13C NMR data is shown in Table 30 and ring A resonances differ as 
expected.  Compound CH-7 has been isolated for the first time as a naturally occurring 
compound in this work.  
Table 30: Correlation table for NMR data of compound CH-7: Ent-3β-hydroxy-16R-kauran-17-al. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
13C NMR 
(100 MHz) 
in CDCl3199 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) 
HMBC (H→C) COSY NOESY 
1α 38.9 CH2 33.3 1.83 m 3, 5, 9, 10, 20 1β, 2α, 2β 1β, 2α, 2β, 20 
1β   0.92 m 2, 5, 10, 20 1α, 2α, 2β 1α, 2α, 2β 
2α 27.5 CH2 25.3 1.62 m 3, 4, 10 
1α, 1β, 2β, 
3 
1α, 2β 
2β   1.59 m 1, 3, 4, 10 
1α, 1β, 2α, 
3 
1α, 2β 
3 79.2 CH 76.0 
3.19 dd J = 5.0, 
11.5 
18, 19 2α, 2β 5, 9, 18 
4 39.0 C 37.5 - - - - 
5 55.3 CH 48.9 0.74 m 
1, 3, 4, 6, 7, 9, 10, 
18, 19, 20 
6α, 6β 3, 7β, 9, 18 
6α 20.6 CH2 20.3 1.62 m 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3α, 7α, 11α,  
14α, 19, 20 
6β   1.55 m 4, 7, 8, 10 
5, 6α, 7α, 
7β 
7β, 11β,  14β 
7α 41.1 CH2 40.8 1.52 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α,  
19, 20 
7β   1.52 m 5, 6, 8, 9, 14, 15 6α, 6β, 7α 
5, 7β, 9, 11β, 
15β 
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8 45.1 C 45.9 - - - - 
9 56.2 CH 55.8 
1.02 brd W1/2 = 
8.9 
1, 7, 8, 10, 11, 12, 
14, 15, 20 
11α, 11β 
3, 5, 7β, 15, 
18 
10 39.2 C 39.1 - - - - 
11α 18.8 CH2 18.5 1.65 m 8, 10, 12, 13 
9, 11β, 12α, 
12β 
7α, 12α, 14α 
11β   1.53 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 12β, 
14β, 17 
12α 31.3 CH2 31.1 1.67 m 9, 11, 13, 14, 16 
11α, 11β, 
12β, 13 
11α, 14α, 16 
12β   1.52 m 9, 11, 13, 14, 16 
11α, 11β, 
12α, 13 
11β, 14β, 17 
13 38.1 CH 37.8 2.53 m 11, 12, 14, 15, 17 
12α, 12β, 
14α 14β, 16 
12, 12β, 14β, 
16, 20 
14α 38.0 CH2 37.7 1.86 m 
7, 8, 9, 12, 13, 15, 
16 
13, 14β 
7α, 11α, 12α, 
16 
14β   
0.84 brd W1/2 = 
8.9 
9, 13, 16 13, 14α 
6β, 11β, 12β, 
13, 20 
15α 40.4 CH2 40.4 
1.73 dd J = 5.3, 
13.3 
7, 8, 9, 16, 17 15β, 16 7β, 9, 17 
15β   1.48 m 7, 8, 9, 16, 17 15α, 16 7β, 9, 17 
16 53.8 CH 53.6 2.56 m 12, 13, 14, 15, 17 
13, 15α, 
15β, 17 
12α, 13, 14α, 
17 
17 203.9 CH 203.8 9.66 d J = 2.0 13, 16 16 
11β, 12β, 
15α, 16 
18 15.7 CH3 22.1 0.77 s 3, 4, 5, 19 - 3, 5, 9 
19 28.6 CH3 28.5 0.97 s 3, 4, 5, 18 - 6α, 7α, 20 
20 17.7 CH3 17.3 1.00 s 1, 5, 9, 10 - 
1α, 6α, 7α, 
13, 14β, 19 
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4.2.8. Structural elucidation of compound CH-8: Ent-16S,17-epoxykaurane (Appendices 
322-333)  
Compound CH-8 was isolated as a white solid from both the dichloromethane and methanol 
extracts of the leaves of Croton haumanianus.  It was found to be the known ent-16S,17-
epoxykaurane, previously isolated from Baccharis minutiflora,196 Achillea clypeolata,200 and 
Aristolochia triangularis.201  
       
Figure 44: The structure of compound CH-8: Ent-16S,17-epoxykaurane (showing correlations seen in the 
NOESY spectrum). 
The LREIMS for compound CH-8 gave a molecular ion peak [M]+ at m/z 288.2 indicating a 
C20H32O molecular formula with five degrees of unsaturation for this compound.  The FTIR 
spectrum showed the presence of absorption bands at 2959 cm-1 and 2851 cm-1 for a C-H 
aliphatic stretch and 1442 cm-1 for CH3 C-H bend of an alkane, and 1278 cm
-1 for C-O stretch 
of an epoxide. 
The 1H and 13C NMR spectral data for compound CH-8 slightly differed from those of 
compound CH-1.  Compound CH-1 displayed exocyclic double bond resonances at δC 156.4 
(C, C-16) and δC 103.0 (CH2, C-17) ascribed to a kaur-16-ene whereas compound CH-8 
showed oxirane ring resonances at δC 66.6 (C, C-16) and δC 50.6 (CH2, C-17).  The presence 
of an epoxide ring was indicated due to the characteristic 13C NMR chemical shifts and this 
epoxide accounted for the fifth ring indicated by the molecular formula.  The 1H and 13C NMR 
chemical shifts for rings A, B, C and D for compound CH-1 were observed to be very similar 
as those observed for compound CH-8.  The presence of the oxirane ring was confirmed by 
correlations observed in the HMBC spectrum between the two H-17 resonances (δH 2.86, d, J 
= 5.0 Hz and δH 2.78, d, J = 5.0 Hz) and carbon resonances at δC 42.9 (CH, C-13), δC 49.1 
(CH2, C-15) and δC 66.6 (C, C-16).  A search in the literature showed the NMR data of 
compound CH-8 were comparable to the known ent-16S,17-epoxykaurane previously isolated 
from Achillea clypeolata.200 
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The NOESY spectrum of compound CH-8 showed that the two H-15 and the two H-17 were 
on the same face as other β orientated groups.  The specific rotation for compound CH-8 is 
[α]21
D
  -64.3 (c 1.00, CH2Cl2) comparable with the reported [α]
18
D
 -55 (c 0.09, CHCl3) for the 
known ent-16S,17-epoxykaurane.200 
 
Table 31: Correlation table for NMR data of compound CH-8: Ent-16S,17-epoxykaurane. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
13C NMR 
(100 MHz) 
in 
CDCl3189,200 
1H NMR (400 
MHz) 
CDCl3 (J in 
Hz) 
HMBC (H→C) COSY NOESY 
1α 40.6 CH2 40.4 1.79 m 2, 3, 5, 9, 10, 20 1β, 2α, 2β 2α, 11α, 20 
1β   0.76 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 2β, 3β, 5, 18 
2α 18.8 CH2 18.6 1.58 m 1, 3, 4, 10 
1α, 1β, 2β, 
3α, 3β 
1α, 3α, 20 
2β   1.40 m 1, 3, 4, 10 
1α, 1β, 2α, 
3α, 3β 
1β, 3β, 18 
3α 42.2 CH2 42.0 1.36 m 1, 2, 4, 5, 18, 19 2α, 2β, 3β 2α, 6α, 19, 20 
3β   1.11 m 1, 2, 4, 5, 18, 19 2α, 2β, 3α 1β, 3β, 18 
4 33.4 C 33.2 - - - - 
5 56.4 CH 56.2 0.79 m 
1, 3, 4, 6, 7, 9, 10, 
18, 19, 20 
6α, 6β 
1β, 6β, 7β, 9, 
18 
6α 20.4 CH2 20.2 1.54 m 4, 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3α, 7α, 11α,  
14α, 19, 20 
6β   1.33 m 4, 5, 7, 8, 10 
5, 6α, 7α, 
7β 
5, 7β, 11β,  
14β, 18 
7α 41.3 CH2 41.1 1.54 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α,  
19, 20 
7β   1.54 m 5, 6, 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 45.6 C 45.4 - - - - 
9 56.1 CH 55.9 1.04 m 
1, 5, 7, 8, 10, 11, 
14, 15, 20 
11α, 11β 
5, 7β, 11β, 
12β, 15β 
10 39.5 C 39.3 - - - - 
11α 19.5 CH2 19.3 1.71 m 8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 
12α, 14α, 
17B 
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11β   1.60 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 
12β, 14β, 
17B 
12α 29.4 CH2 29.2 1.59 m 9, 11, 13, 14, 16 
11α, 11β, 
12β, 13 
11α, 14α 
12β   1.55 m 9, 11, 13, 14, 16 
11α, 11β, 
12α, 13 
9, 11β, 14β, 
17B 
13 42.9 CH 42.7 1.75 m 
8, 11, 12, 14, 15, 
16 
12α, 12β, 
14α, 14β 
14β, 20 
14α 38.8 CH2 38.6 
2.02 dd J = 2.0, 
11.5 
8, 9, 13, 15, 16 13, 14β 
6α, 7α, 11α, 
12α 
14β   1.42 m 7, 8, 9, 13, 15 13, 14α 
6β, 7β, 11β, 
12β, 13 
15α 49.1 CH2 48.9 1.66 m 
7, 8, 9, 13, 14, 16, 
17 
15β 7β, 11α, 17A 
15β   1.60 m 
7, 8, 9, 13, 14, 16, 
17 
15α 9 
16 66.6 C 66.4 - - - - 
17A 50.6 CH2 50.4 2.86 d J = 5.0 13, 15, 16 17B 
11β, 15α, 
17B 
17B   2.78 d J = 5.0 13, 15, 16 17A 
11α, 11β, 
12β, 15β, 
17A 
18 21.8 CH3 21.6 0.80 s 3, 4, 5, 19 - 
1β, 2β, 3β, 5, 
6β, 7β 
19 33.8 CH3 33.6 0.84 s 3, 4, 5, 18 - 
1α, 2α, 3α, 
6α, 7α, 20 
20 18.0 CH3 17.8 1.02 s 1, 5, 9, 10 - 
1α, 2α, 3α, 
6α, 7α, 13, 19 
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4.2.9. Structural elucidation of compound CH-9: Ent-16S,17-epoxykauran-19-ol 
(Appendices 334-345) 
Compound CH-9 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus and was identified as a previously undescribed ent-16S,17-
epoxykauran-19-ol.  
           
Figure 45: The structure of compound CH-9: Ent-16S,17-epoxykauran-19-ol (showing correlations seen 
in the NOESY spectrum). 
The HRESIMS for compound CH-9 gave a [M+H]+ peak at m/z 305.2477, indicating a 
C20H32O2 molecular formula, with five degrees of unsaturation for this compound.  The FTIR 
spectrum showed broad absorption bands for O-H stretch at 3420 cm-1, 2930 cm-1 and 2865 
cm-1 for C-H aliphatic stretches, and 1267 cm-1 for the C-O stretch of an epoxide. 
The 1H and the 13C NMR spectra of compound CH-9 only differed from compound CH-8 by 
the presence of an oxymethylene group at C-19 instead of a methyl group.  The hydroxylated 
methylene group proton resonances were found to be at δH 3.74 (d, J = 11.0 Hz) and δH 3.45 
(d, J = 11.0 Hz) with the corresponding carbon resonance at δC 65.7 (CH2).  In the HMBC 
spectrum, correlations were observed between the C-19 resonance and the 3H-18 resonance 
(δH 0.96, s), two H-3 resonances (δH 1.79, m and δH 0.90, m) and H-5 resonance (δH 0.94, m). 
The hydroxy group was confirmed at C-19 using the NOESY experiment.  A correlation was 
observed in the NOESY spectrum between the two H-19 resonances and the 3H-20 resonance, 
as was observed in compounds CH-3 and CH-6.  A specific rotation for compound CH-9 was 
found to be [α]22
D
  -59.7 (c 1.00, CH2Cl2).  A search in the literature showed that a compound 
with a similar structure to that of compound CH-9 had been reported.196  However, Bohlmann 
et al.196 gave incomplete 1H NMR data which was not comparable to the data obtained for 
compound CH-9.  In particular, the two H-15 resonances were at δH 2.01 for the reported 
compound, whereas resonances at δH 1.68 and δH 1.64 occured for the two H-15 of compound 
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CH-9.  Bohlmann et al. did not use the NOESY experiment or X-ray experiments to assign the 
configuration at C-16. Therefore, it is unclear what the structure of the compound isolated by 
Bohlmann was, but possibly it was the 16(S) analogue.  Therefore, compound CH-9 has not 
been described previously and was determined to be a derivative of compound CH-8, named 
ent-16S,17-epoxykauran-19-ol. 
Table 32: Correlation table for NMR data of compound CH-9: Ent-16S,17-epoxykauran-19-ol. 
No. 
13C NMR 
(125 MHz) 
in CDCl3 
1H NMR (500 
MHz) 
CDCl3 (J in 
Hz) 
1H NMR (100 
MHz) in 
CDCl3196 
HMBC (H→C) COSY NOESY 
1α 40.7 CH2 1.85 m  2, 3, 5, 9, 10, 20 1β, 2α, 2β 2α, 11α 
1β  0.80 m  2, 3, 5, 9, 10, 20 1α, 2α, 2β 2β, 3β, 5, 18 
2α 18.5 CH2 1.57 m  1, 3, 4, 10 
1α, 1β, 2β, 
3α, 3β 
1α, 3α, 19α, 
20 
2β  1.43 m  1, 3, 4, 10 
1α, 1β, 2α, 
3α, 3β 
1β, 3β, 18 
3α 35.8 CH2 1.79 m  1, 2, 4, 5, 18 2α, 2β, 3β 2α, 6α, 19, 20 
3β  0.90 m  1, 2, 4, 5, 18, 19 2α, 2β, 3α 1β, 3β, 18 
4 38.9 C -  - - - 
5 57.0 CH 0.94 m  
1, 3, 4, 6, 7, 9, 10, 
18, 19, 20 
6α, 6β 
1β, 6β, 7β, 9, 
18 
6α 20.6 CH2 1.67 m  4, 5, 7, 8, 10 
5, 6β, 7α, 
7β 
3α, 7α, 11α,  
14α, 19, 20 
6β  1.40 m  4, 5, 7, 8, 10 
5, 6α, 7α, 
7β 
5, 7β, 11β,  
14β, 18 
7α 41.7 CH2 1.61 m  5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α, 
19, 20 
7β  1.50 m  5, 6, 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 45.6 C - - - - - 
9 56.3 CH 
1.08 dd J = 3.2, 
7.2 
 
1, 5, 7, 8, 10, 11, 
12, 14, 15, 20 
11α, 11β 
5, 7β, 11β, 
12β, 15β 
10 39.5 C -  - - - 
11α 19.6 CH2 1.72 m  8, 9, 10, 12, 13 
9, 11β, 
12α, 12β 
1α, 6α, 7α, 
12α, 14α 
11β  1.62 m  8, 9, 10, 12, 13 
9, 11α, 
12α, 12β 
6β, 7β, 9, 
12β, 14β, 
17A 
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12α 29.3 CH2 1.60 m  9, 11, 13, 14, 16 
11α, 11β, 
12β, 13 
11α, 14α, 
17B 
12β  1.54 m  9, 11, 13, 14, 16 
11α, 11β, 
12α, 13 
9, 11β, 14β, 
17B 
13 42.9 CH 1.78 m  
8, 11, 12, 14, 15, 
16, 17 
12α, 12β, 
14α, 14β 
14β, 20 
14α 38.7 CH2 
2.02 dd J = 2.0, 
11.5 
 
7, 8, 9, 12, 13, 15, 
16 
13, 14β 
6α, 7α, 11α, 
12α, 20 
14β  1.43 m  
7, 8, 9, 12, 13, 15, 
16 
13, 14α 
6β, 7β, 11β, 
12β, 13, 20 
15α 49.0 CH2 1.68 m 2.01 dd 
7, 8, 9, 13, 14, 16, 
17 
15β 
7β, 11α, 17A, 
17B 
15β  1.64 m 2.01 dd 
8, 12, 13, 14, 16, 
17 
15α 9, 17B 
16 66.6 C -  - - - 
17A 50.6 CH2 2.87 d J = 5.0 2.89 d 13, 15, 16 17B 
11β, 15α, 
15β, 17B 
17B  2.80 d J = 5.0 2.79 d 13, 15, 16 17A 
12β, 15α, 
15β, 17A 
18 27.3 CH3 0.96 s 1.02 s 3, 4, 5, 19 - 
1β, 2β, 3β, 5, 
6β, 7β 
19A 65.7 CH2 3.74 d J = 11.0 3.74 s 3, 4, 5, 18 19B 
1α, 2α, 3α, 
6α, 7α, 20 
19B  3.45 d J = 11.0 3.45 d (br) 3, 4, 5, 18 19A 20 
20 18.4 CH3 1.02 s 0.95 s 1, 5, 9, 10 - 
2α, 3α, 6α, 
7α, 13, 14α, 
14β, 19A, 
19B 
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4.2.10. Structural elucidation of compound CH-10: Ent-16S,17-epoxykauran-3β-ol 
(Appendices 346-357)  
Compound CH-10 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus.  This was found as a new 3α-hydroxy derivative of compound CH-8, 
named ent-16S,17-epoxykauran-3β-ol. 
      
Figure 46: The structure of compound CH-10: Ent-16S,17-epoxykauran-3β-ol (showing correlations seen 
in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CH-10 
gave a [M-H]- peak at m/z 303.2332 corresponding to a C20H31O2 molecular formula.  This 
gave one more oxygen atom than in compound CH-8, and five degrees of unsaturation for 
compound CH-10.  The FTIR spectrum showed broad absorption band for O-H stretch at 3253 
cm-1, and absorption bands at 2931 cm-1 and 2866 cm-1 for C-H aliphatic stretches, and 1266 
cm-1 for C-O stretch of an epoxide. 
The NMR data of compound CH-10 were very similar to that of 16(R),17-epoxy-ent-kaurane 
(compound CH-8) except for the presence of oxymethine resonances at δC 79.2 (CH, C-3) and 
δH 3.20 (dd, J = 5.0 Hz, 11.5 Hz, H-3) that were observed in compounds CH-4 and CH-7.  This 
oxymethine group was placed at C-3 due to the correlations that were seen in the HMBC 
spectrum between the 3H-18 and the 3H-19 resonances with the carbon resonance at δC 79.2 
(CH, C-3).  Furthermore, the H-3 resonance showed correlations in the HMBC with carbon 
resonances at δC 38.9 (CH2, C-1), δC 27.5 (CH2, C-2) and δC 39.0 (C, C-4). 
The configuration at C-3 of compound CH-10 was assigned using the NOESY spectrum.  The 
NOESY spectrum showed correlations between the H-3 and the 3H-18, H-9, H-5 and H-2β 
resonances, assignable to the β face of the molecule.  This confirmed the α-configuration of the 
hydroxyl group as was observed in compounds CH-4 and CH-7.  The specific rotation for 
compound CH-10 was determined to be [α]22
D
  -58.3 (c 1.00, CH2Cl2).  A search in the Scifinder 
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157 and DNP 158 databases showed that compound CH-10 has not been described, therefore, the 
structure was determined as a new ent-16S,17-epoxykauran-3β-ol. 
 
Table 33: Correlation table for NMR data of compound CH-10: Ent-16S,17-epoxykauran-3β-ol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 38.9 CH2 1.85 m 2, 3, 5, 9, 10, 20 1β, 2α, 2β 2α, 11α, 20 
1β  0.90 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 2β, 5, 18 
2α 27.5 CH2 1.62 m 1, 3, 4, 10 1α, 1β, 2β, 3 1α, 20 
2β  1.56 m 1, 3, 4, 10 1α, 1β, 2α, 3 1β, 3, 18 
3 79.2 CH 
3.20 dd J = 5.0, 
11.5 
1, 2, 4, 18, 19 2α, 2β 2β, 5, 9, 18 
4 39.0 C - - - - 
5 55.3 CH 0.74 brd W1/2 = 3.5 
1, 3, 4, 6, 7, 9, 10, 18, 
19, 20 
6α, 6β 
1β, 3, 6β, 7β, 9, 
18 
6α 20.1 CH2 1.62 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 
3α, 7α, 11α,  
14α, 19, 20 
6β  1.40 m 4, 5, 7, 8, 10 5, 6α, 7α, 7β 
5, 7β, 11β,  14β, 
18 
7α 41.3 CH2 1.62 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α,  
19, 20 
7β  1.51 m 5, 6, 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α 
8 45.4 C - - - - 
9 56.0 CH 1.00 m 
1, 5, 7, 8, 10, 11, 14, 
15, 20 
11α, 11β 
3, 5, 7β, 11β, 
12β, 15β 
10 39.2 C - - - - 
11α 19.6 CH2 1.69 m 8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 12α, 
14α, 17B 
11β  1.59 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 12β, 
14β 
12α 29.3 CH2 1.55 m 9, 11, 13, 14, 16 
11α, 11β, 12β, 
13 
11α, 14α 
12β  1.55 m 9, 11, 13, 14, 16 
11α, 11β, 12α, 
13 
9, 11β 
13 42.8 CH 1.79 m 8, 11 12α, 12β, 14β 14α, 14β, 19, 20 
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14α 38.7 CH2 2.01 brd W1/2 = 4.0 7, 8, 9, 13, 15, 16 14β 
6α, 7α, 11α, 
12α, 13, 19, 20 
14β  1.44 m 7, 8, 9, 13, 15 13, 14α 
6β, 7β, 11β, 13, 
19, 20 
15α 48.9 CH2 1.66 m 7, 8, 9, 13, 14, 16, 17 15β 
7β, 9, 11α, 17A, 
17B 
15β  1.66 m 7, 8, 9, 13, 14, 16, 17 15α 9, 17α 
16 66.5 C - - - - 
17A 50.6 CH2 2.87 d J = 5.0 13, 15, 16 17B 15α, 15β, 17B 
17B  2.80 d J = 5.0 13, 15, 16 17A 11α, 15α, 17A 
18 15.7 CH3 0.78 s 3, 4, 5, 19 - 1β, 2β, 3, 5, 6β 
19 28.6 CH3 0.98 s 3, 4, 5, 18 - 
1α, 2α, 3α, 6α, 
7α, 13, 14α, 
14β, 20 
20 18.0 CH3 1.03 s 1, 5, 9, 10 - 
1α, 2α, 3α, 6α, 
7α, 13, 14α, 14β 
19 
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4.2.11. Structural elucidation of compound CH-11: Ent-kaurane-3β,16β,17-triol 
(Appendices 358-378)  
Compound CH-11 was isolated as a white solid from the methanol extract of the leaves of 
Croton haumanianus and was identified as the known ent-kaurane-3β,16β,17-triol, previously 
isolated from Artemisia sacrorum.202 
     
Figure 47: The structure of compound CH-11: Ent-kaurane-3β,16β,17-triol. 
The HRESIMS for compound CH-11 gave a [M-H]- peak at m/z 321.2443 which indicated a 
C20H34O3 molecular formula for the compound.  Four degrees of unsaturation were determined 
for compound CH-11.  The FTIR spectrum showed a broad absorption band for an O-H stretch 
at 3384, and absorption bands at 2931 cm-1 and 2869 cm-1 for C-H aliphatic stretch. 
The 1H NMR spectrum, recorded in CD3OD for compound CH-11, indicated the presence of 
oxymethylene proton resonances at δH 3.69 (d, J = 11.5 Hz) and δH 3.59 (d, J = 11.5 Hz), as 
well as one oxymethine proton resonance at δH 3.15 (dd, J = 5.0 Hz, 11.5 Hz).  In addition, 
three methyl group singlet proton resonances at δH 1.07 (s, 3H-20), δH 0.97 (s, 3H-19), δH 0.78 
(s, 3H-18), as observed in compounds CH-4, CH-7 and CH-10, were also present. 
The 13C NMR spectrum indicated that compound CH-11 possessed three oxygenated carbon 
resonances at δC 83.0 (C), δC 79.9 (CH) and δC 67.0 (CH2).  The 13C NMR, DEPT and 
HSQCDEPT spectra indicated that compound CH-11 possessed three methyl carbon, nine 
methylene carbon (one oxygenated), four methine carbon (one oxygenated) and four fully 
substituted carbon (one oxygenated) resonances.  The absence of carbonyl and alkene double 
bond resonances indicated that this compound possessed a tetracyclic skeleton, consistent with 
a kaurane diterpenoid. 
The 13C NMR chemical shifts for ring A, B and C were similar to those of compounds CH-4, 
CH-7 and CH-10.  As in compound CH-10, the oxymethine carbon resonance at δC 79.9 was 
assigned as C-3.  This was due to the correlations seen in the HMBC spectrum between the two 
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methyl groups, 3H-19 and 3H-18 resonances and the C-3 resonance.  Differences were 
observed in the 13C NMR resonances of ring D for compound CH-11 and those of compound 
CH-10.  In particular, the oxygenated resonances were at δC 83.0 and δC 67.0 for compound 
CH-11, and δC 66.5 and δC 50.6 for compound CH-10.  The differences in the degrees of 
unsaturation, four for compound CH-11 and five for compound CH-10, indicated that the 
epoxy ring had been opened in compound CH-11.  The carbon resonance at δC 83.0 was 
assigned as C-16 due to correlations observed in the HMBC spectrum with the two H-14 
resonances (δH 1.93, d, J = 11.5 Hz and δH 1.40, m), H-15β resonance (δH 1.40, m) and H-17B 
resonance (δH 3.59, d, J = 11.5 Hz).  Similarly, the two H-17 proton resonances, which were 
seen to be coupled in the COSY spectrum, showed correlations in the HMBC spectrum with 
the carbon resonances at δC 46.5 (CH, C-13), δC 54. (CH2, C-15) and δC 83.0 (C, C-16). 
The configurations at the chiral centres of compound CH-11 were assigned using the ROESY 
experiment and found to be similar to the previously described ent-kaurane diterpenoids.  In 
addition, the ROESY spectrum obtained in DMSO showed that the 16-OH proton resonance 
(δH 3.84, s) was correlated to the 3H-20 (δH 0.94, s) and H-13 (δH 1.88, m) resonances, 
indicating that the hydroxyl group was α.  On the other hand, the oxymethylene group proton 
resonance (δH 4.31, t, J = 5.4 Hz, 17-OH) was seen to correlate in the ROESY spectrum with 
the H-9 resonance (δH 0.71, m), indicating that they are β configured.  Additionally, the 
configurations of the hydroxyl groups at C-3 and C-16 were confirmed via comparison of the 
1H and 13C NMR chemical shifts of C-3, C-16 and C-17 of compound CH-11 with reported 
literature of related ent-kauranes.199,203 
A search in literature showed that compound CH-11 is the known ent-kaurane-3β,16β,17-triol, 
previously isolated from Artemisia sacrorum.  The 13C NMR chemical shifts were comparable 
with those reported in the literature.202  The specific rotation for compound CH-11 was 
determined to be [α]22
D
  -71.2 (c 1.00, CH2Cl2) whereas [α]
28
D
 -38.89 (c 0.36, pyridine) was found 
in the literature.202 
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Table 34: Correlation table for NMR data of compound CH-11: Ent-kaurane-3β,16β,17-triol. 
No. 
13C NMR 
(100 MHz) 
in CD3OD 
13C NMR 
(125 MHz) 
in CD3OD202 
1H NMR (400 
MHz) 
CD3OD (J in 
Hz) 
HMBC (H→C) COSY NOESY 
1α 40.2 CH2 39.2 
1.86 dt J = 5.8, 
9.6 
2, 3, 5, 9, 10 1β, 2α, 2β 1β, 2α, 11α 
1β   0.90 m 2, 10, 20 1α, 2α, 2β 1α, 2β,  3, 5 
2α 28.1 CH2 28.4 1.65 m 1, 3, 4, 10 1α, 1β, 2β, 3 1α, 20 
2β   1.59 m 1, 3, 4, 10 1α, 1β, 2α, 3 1β, 5, 18 
3 79.9 CH 78.3 
3.15 dd J = 5.0, 
11.5 
2, 18, 19 2α, 2β 1β, 5, 9, 18 
4 40.1 C 39.6 - - - - 
5 56.7 CH 55.5 0.75 m 
1, 3, 4, 6, 7, 9, 
10, 18, 19, 20 
6α, 6β 
2β, 3, 6β, 7β, 
9, 18 
6α 21.4 CH2 20.8 1.59 m 7, 8, 10 5, 6β, 7α, 7β 
7α, 11α,  14α, 
19, 20 
6β   1.39 m 5, 7, 8, 10 5, 6α, 7α, 7β 
5, 7β, 11β,  
14β, 18 
7α 43.4 CH2 42.8 1.62 m 5, 9, 14 6α, 6β, 7β 
6α, 11α, 14α, 
17A, 17B, 
19, 20 
7β   1.44 m 8, 9, 14 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 45.7 C 44.8 - - - - 
9 58.3 CH 57.2 0.99 m 
1, 5, 7, 8, 10, 11, 
14, 15, 20 
11α, 11β 
3, 5, 7β, 11β, 
12β, 15β 
10 40.4 C 39.6 - - - - 
11α 19.6 CH2 20.9 1.54 m 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 
12α, 14α, 
17B 
11β   1.54 m 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 
12β, 14β 
12α 27.4 CH2 27.0 1.64 m 9, 13 
11α, 11β, 
12β, 13 
11α, 14α 
12β   1.56 m 9, 11, 13 
11α, 11β, 
12α, 13 
9, 11β, 14β 
13 46.5 CH 46.2 2.04 m  
12α, 12β, 
14α, 14β 
14β, 17B, 19, 
20 
14α 38.3 CH2 37.9 
1.93 brd J = 
11.5 
15, 16 13, 14β 
6α, 7α, 11α, 
12α, 20 
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14β   1.43 m 7, 9, 13, 16 13, 14α 
6β, 7β, 11β, 
12β, 13 
15α 54.0 CH2 54.0 1.52 m 8, 9, 14, 17 15β 7β, 11α 
15β   1.40 m 8, 9, 13, 14, 16 15α 9 
16 83.0 C 81.7 - - - - 
17A 67.0 CH2 66.6 3.69 d J = 11.5 13, 15 17B 17B 
17B   3.59 d J = 11.5 13, 16 17A 
7α, 11α, 17α, 
18, 20 
18 16.3 CH3 16.5 0.78 s 3, 4, 5, 19 - 
1β, 3, 5, 6β, 
7β 
19 29.0 CH3 29.0 0.97 s 3, 4, 5, 18 - 
1α, 2α, 6α, 
7α, 17α, 17β, 
20 
20 18.5 CH3 18.2 1.07 s 1, 5, 9, 10 - 
2α, 6α, 7α, 
13, 14α, 19 
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4.2.12. Structural elucidation of compound CH-12: Ent-17-palmityloxykaurane-3β,16β-
diol (Appendices 379-392)  
Compound CH-12 was isolated as a white solid from the CH2Cl2 extract of the leaves of Croton 
haumanianus and was identified as ent-17-palmityloxykaurane-3β,16β-diol, a previously 
undescribed derivative of compound CH-11. 
 
Figure 48: The structure of compound CH-12: Ent-17-palmityloxykaurane-3β,16β-diol. 
The HRESIMS for compound CH-12 gave a [M+Na]+ peak at m/z 584.4713, consistent with a 
C36H64O4 formula with five degrees of unsaturation for compound CH-12.  Similarly, GCEIMS 
analysis showed a fragment with an ion peak at m/z 256, indicating a C16H32O2 molecular 
formula.  The molecular ion and fragmentation pattern matched that of n-hexadecanoic 
(palmitic) acid.  Therefore, the presence of this fragment was attributed to the cleavage of the 
ester group from compound CH-12.  This was supported by the HRESIMS experiment, which 
showed a fragment ion peak at m/z 255.2326 (C16H31O2 requires 255.2330).  This is in 
agreement with the value obtained from integrating the proton resonances due to the ester chain 
of 31 H.  The FTIR spectrum showed a broad absorption band for an O-H stretch at 3445 cm-
1, and absorption bands at 2919 cm-1 and 2850 cm-1 for C-H aliphatic stretches, 1720 cm-1 for a 
C=O stretch as well as at 1029 cm-1 for a C-O stretch. 
The NMR data of compound CH-12 were very similar with those of CH-11 except for the 
presence of a carbonyl carbon resonance at δC 174.2 (C, C-1’).  The 1H NMR spectrum showed 
a pair of methylene proton resonances at δH 2.34 (t, J = 7.5 Hz, 2H-2’), δH 1.26 – 1.28 (m, H-
3’- H-15’) and δH 0.87 (t, J = 7.5 Hz, 3H-16’) for the aliphatic chain, integrated to 
approximately 31 H.  These resonances were missing in compound CH-11.  The ester group 
was placed at C-17, due to the correlations seen in the HMBC spectrum between the two H-17 
resonances with the C-1’ resonance (δC 174.2).  Furthermore, the 2H-2’ resonance showed 
correlation in the HMBC with the C-1’ resonance. 
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The configurations of the chiral centres of compound CH-12 were found to be the same as 
those for compound CH-11 using the NOESY spectrum.  A search in the Scifinder and DNP 
databases showed that compound CH-12 has not been described previously, therefore, 
determined as ent-17-palmityloxykaurane-3β,16β-diol.  The specific rotation for compound 
CH-12 was found to be [α]22
D
  -80.0 (c 1.00, CH2Cl2). 
Table 35: Correlation table for NMR data of compound CH-12: Ent-17-palmityloxykaurane-3β,16β-diol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 38.8 CH2 1.82 brd J = 13.0 3, 9 1β, 2α, 2β 
1β, 6α, 12α, 
12β 
1β  0.86 m 3, 9 1α, 2α, 2β 1α 
2α 27.5 CH2 1.63 m 1, 3, 4, 10 1α, 1β, 2β, 3 2’α, 2’β 
2β  1.63 m 1, 3, 4, 10 1α, 1β, 2α, 3 2’α, 2’β, 18 
3 79.2 CH 3.20 dd J = 5.0, 11.5  2α, 2β 5, 9, 14’, 18 
4 39.0 C - - - - 
5 55.2 CH 0.73 brs J = 4.8 
1, 3, 4, 7, 9, 10, 18, 
19, 20 
6α, 6β 3, 9 
6α 20.4 CH2 1.55 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β 
1α, 7α, 11α, 
19 
6β  1.35 m  5, 6α, 7α, 7β 12β 
7α 42.0 CH2 1.65 m 5, 9, 14, 15 6α, 6β, 7β 6α 
7β  1.51 m 5, 8, 9, 14, 15 6α, 6β, 7α 17A, 17B 
8 44.8 C - - - - 
9 56.6 CH 0.98 m 1, 5, 10, 14, 15, 20 11α, 11β 3, 5, 18 
10 39.2 C - - - - 
11α 18.5 CH2 1.55 m 8, 9 
9, 11β, 12α, 
12β 
6α, 11β 
11β  1.55 m 8, 9 
9, 11α, 12α, 
12β 
11α 
12α 32.1 CH2 1.25 m  
11α, 11β, 
12β 
1α, 13, 14α 
12β  1.25 m  
11α, 11β, 
12α 
1α, 6β, 13 
13 46.3 CH 2.04 brs J = 12.8  14α, 14β 
2’α, 2’β, 12α, 
12β, 14α, 14β 
14α 37.2 CH2 1.91 m 15, 16 13, 14β 
12α, 13, 14β, 
20 
14β  1.62 m 15, 16 13, 14α 
2’α, 2’β, 13, 
14α, 20 
15α 53.1 CH2 1.55 m 8, 9, 14 15β 17A, 17B 
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15β  1.47 m 7, 8, 9, 13, 16 15α 17A, 17B 
16 80.2 C - - - - 
17A 68.5 CH2 4.22 d, J = 5.5 1’, 13, 15, 16 17B 7β, 15α, 15β 
17B  4.21 d, J = 5.5 1’, 13, 15, 16 17A 7β, 15α, 15β 
18 15.6 CH3 0.77 s 3, 4, 5, 19 - 2β, 3, 9 
19 28.5 CH3 0.97 s 3, 4, 5, 18 - 6α, 20 
20 18.0 CH3 1.01 s 1, 5, 9, 10 - 14α, 14β, 19 
1’ 174.2 C - - - - 
2’α 34.5 CH2 2.34 t, J = 7.5 1’  2α, 13 
2’β  2.34 t, J = 7.5 1’  2α, 13 
3’-15’ 22.9 – 29.9 CH2 1.26 – 1.28 m    
16’ 14.3 CH3 0.87 t, J = 7.5   3 
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4.2.13. Structural elucidation of compound CH-13: Ent-17-palmityloxykauran-16β-ol 
(Appendices 393-411)  
Compound CH-13 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus and was determined to be an ent-17-palmityloxykauran-16β-ol, an 
unreported kaurane diterpenoid. 
 
Figure 49: The structure of compound CH-13: Ent-17-palmityloxykauran-16β-ol. 
The HRESIMS for compound CH-13 gave a [M+Na]+ peak at m/z 567.4754, consistent with a 
C36H64O3 molecular formula for the compound.  This indicated that compound CH-13 has one 
fewer oxygen atom when compared to compound CH-12 and corresponded to five degrees of 
unsaturation. 
The FTIR spectrum showed absorption bands at 3510 cm-1 for O-H, and 2919 cm-1 and 2850 
cm-1 for C-H aliphatic stretches and, 1721 cm-1 for C=O stretch of a carbonyl. 
The similarities of the NMR data of compound CH-13 with those of CH-12, implied that these 
compounds are related.  Detailed analysis of the 1H, 13C, HSQCDEPT and HMBC spectra 
showed that the C-3 oxymethine group in CH-12 occurred as a methylene group in compound 
CH-13.  Accordingly, the structure of compound CH-13 was determined to be ent-17-
palmityloxykauran-16β-ol, a previously undescribed diterpenoid. 
The configuration at the chiral centres of compound CH-13 were established to be the same as 
those for compound CH-12 using the NOESY spectrum.  A specific rotation value of [α]22
D
  -
81.5 (c 1.00, CH2Cl2) was obtained for compound CH-13.  The negative sign of the specific 
rotation indicated that compound CH-13 belonged to ent-kaurane series as expected.  
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Table 36: Correlation table for NMR data of compound CH-13: Ent-17-palmityloxykauran-16β-ol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 40.5  CH2 1.77 d, J = 12.4 2, 3, 5, 9, 10, 20 1β, 2α, 2β 1α, 20 
1β  0.70 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 1β, 2β, 9 
2α 18.8 CH2 1.59 m 1, 3, 4, 10 
1α, 1β, 2β, 3α, 
3β 
12α, 19, 20 
2β  1.50 m 1, 3, 4, 10 
1α, 1β, 2α, 3α, 
3β 
1β, 3β 
3α 42.2 CH2 1.36 m 1, 4, 5, 19 2α, 2β, 3β 6α, 7α, 19 
3β  1.12 m 1, 2, 4, 5, 18, 19 2α, 2β, 3α 2β, 5 
4 33.5  C - - - - 
5 56.3  CH 0.76 m 
1, 3, 4, 6, 7, 9, 10, 
18, 20 
6α, 6β 3β, 9, 18 
6α 20.6 CH2 1.54 m 5, 8, 10 5, 6β, 7α, 7β 3α, 6β, 20 
6β  1.30 m 4, 7 5, 6α, 7α, 7β 
6α, 7β, 15α, 
15β 
7α 42.0  CH2 1.61 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 3α, 20 
7β  1.50 m 5, 6, 8, 9, 14, 15 6α, 6β, 7α 6β, 17A, 17B 
8 45.0  C - - - - 
9 56.8  CH 0.99 m 
1, 5, 7, 8, 10, 11, 
12, 14, 15, 20 
11α, 11β 1β, 5, 11β, 12β, 
15α, 15β, 18 
10 39.6  C - - - - 
11α 18.4  CH2 1.58 m 8, 9, 10, 13 
9, 11β, 12α, 
12β 
13, 14α, 20 
11β  1.38 m 8, 9, 10, 13 
9, 11α, 12α, 
12β 
9, 17A, 17B 
12α 32.1  CH2 1.26 m 14, 16 11α, 11β, 12β 2α, 13 
12β  1.26 m 14, 16 11α, 11β, 12α 9, 13 
13 46.4  CH 2.03 m 11, 12, 16 14α, 14β 
11α, 12α, 12β, 
14α, 14β 
14α 37.4  CH2 1.93 m 7, 8, 9, 13, 15, 16 13, 14β 13, 14α, 20 
14β  1.56 m 7, 8, 9, 13 13, 14α 
13, 17A, 17B, 
20 
15α 53.3  CH2 1.58 m 7, 8, 9, 14, 16, 17 15β 
6β, 9, 17A, 17B 
18 
15β  1.46 m 7, 8, 9 15α 6β, 9 
16 80.3  C - - - - 
17A 68.5  CH2 4.23 d, J = 5.5 1’, 13, 15, 16 17β 
7β, 11β, 14β, 
15α 
17B  4.21 d, J = 5.5 1’, 13, 15, 16 17α 
7β, 11β, 14α, 
14β 
18 33.8  CH3 0.84 s 3, 4, 5, 19 - 5, 9, 15α 
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19 21.7  CH3 0.79 s 3, 4, 5, 18 - 2α, 3α, 20 
20 18.0  CH3 1.00 s 1, 5, 9, 10 - 
1α, 2α, 6α, 7α, 
11α, 14α, 14β, 
19 
1’ 174.2 C - - - - 
2’α 34.5 CH2 2.34 t, J = 7.5 1’   
2’β  2.34 t, J = 7.5 1’   
3’-15’ 22.9 – 29.9 CH2 1.26 – 1.28 m    
16’ 14.3 CH3 0.87 t, J = 7.5    
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4.2.14. Structural elucidation of compounds CH-14 (ent-kaurane-16β,17-diol), CH-15a 
(ent-3α,18-cyclokaurane-16β,17-diol) and CH-15b (ent-19-norkaur-4(18)-ene-16β,17-
diol), (Appendices 412-428)  
Compounds CH-14, CH-15a and CH-15b were co-isolated as an inseparable 3-component 
mixture as a white solid from both the dichloromethane and methanol extracts of the leaves of 
Croton haumanianus.  It was decided to use Diffusion-Ordered NMR Spectroscopy (DOSY) 
to attempt to identify the structures of the co-ocurring compounds: CH-14, a minor component, 
CH-15a, the major component, and CH-15b a minor component.  The DOSY experiment is a 
pseudo-2D NMR technique that gives virtual separation of proton resonances according to their 
diffusion coefficients.204  
 
Figure 50: The structure of compound CH-14: ent-kaurane-16β,17-diol, CH-15a: ent-3α,18-cyclokaurane-
16β,17-diol & CH-15b: 19-nor-16α,17-dihydroxy-ent -kaur-4(18)-ene 
The LREIMS chromatogram of the mixture showed three peaks whose retention times were at 
28.5 min (compound CH-14), 29.1 min (compound CH-15a) and 28.1 min (compound CH-
15b) (Figure 51).   
 
Figure 51: LREIMS Chromatogram of the mixture of CH-14, CH-15a and CH-15b 
X = Solvent 
CH-15b 
CH-15a 
CH-14 
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Compound CH-14 gave a molecular ion peak [M]+ at m/z 306.3, that was consistent with a 
molecular formula of C20H34O2.  Compound CH-15a gave a molecular ion peak [M]
+ at m/z 
304.2, indicating a molecular formula of C20H32O2 for the compound.  The molecular ion peak 
[M]+ at m/z 290.2 was attributed to compound CH-15b.  The proposed structure for compound 
CH-15b was deduced from this [M]+ peak and the corresponding 1H and 13C NMR peaks, and 
this compound was tentatively assigned a molecular formula of C19H30O2.  The difference in 
molecular weights of compounds CH-14 and CH-15a was due to one H2, suggesting that 
compound CH-15a was a dehydro derivative of compound CH-14.  Compound CH-14 had 
four degrees of unsaturation whereas compound CH-15b had five.  The FTIR spectrum of the 
mixture showed a broad absorption band at 3251 cm-1 for hydroxyl group stretches.153 
The DOSY spectrum was used to indicate which resonances belonged to each of the 
compounds, then 2D NMR spectra were used to determine the structures.  The DOSY spectrum 
for this mixture is shown in Figure 52.  From the DOSY spectrum, the presence of three 
compounds could be deduced, in agreement with the LREIMS spectrum as annotated using 
three lines and marked as CH-14, CH-15a and CH-15b.  Expansions of the annotations are 
shown in Figure 53, Figure 54 and Figure 55.  In the DOSY spectrum, compound CH-14 was 
observed to have three methyl group proton resonances occurring at δH 0.99, δH 0.84 and δH 
0.79, and oxymethylene proton resonances at δH 3.76 and δH 3.66.  A search in the literature 
showed this was the known ent-kaurane-16β,17-diol.190,195,205,206,207,208  Compound CH-15a, 
the major compound, showed three upfield resonances at δH 0.52, δH 0.43 and δH - 0.003 and 
oxymethylene proton resonances at δH 3.76 and δH 3.66.  Compound CH-15b showed 
exocyclic alkene double proton resonances at δH 4.74 and δH 4.43, a methyl proton resonance 
at δH 0.98 and the oxymethylene proton resonances at δH 3.76 and δH 3.66. 
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Figure 52: DOSY spectrum for compounds CH-14, CH-15a and CH-15b 
  
CH-14 
CH-15b 
CH-15a 
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Figure 53: DOSY spectrum showing selected peaks for compounds CH-14 
 
 
Figure 54: DOSY spectrum showing selected peaks for compounds CH-15a 
2H-17 
 
 
2H-17 
3H-19 / 
3H-20  
3 
H-3 H-18b 
H-18a 
3H-18 / 
3H-19  
3 
 3H-20  
3 
 4. The Chemistry of Croton haumanianus 
152 
 
 
 
 
Figure 55: DOSY spectrum showing selected peaks for compounds CH-15b 
 
The up-field resonances observed for compound CH-15a at δH 0.52 (m), δH 0.43 (dd, J = 4.0 
Hz, 9.5 Hz) and δH -0.03 (dd, J = 4.0 Hz, 9.5 Hz) are typical of protons of a cyclopropane ring 
in terpenoids such as cycloartanes209,210 and cyclokaurane derivatives.57  The HSQCDEPT 
spectrum showed that the corresponding 13C NMR resonances occurred as δC 18.7 (CH) for 
proton resonance at δH 0.52 and δC 22.8 (CH2) for the proton resonances at δH 0.43 and δH -
0.03.  The COSY spectrum showed coupling between these up-field 1H proton resonances.  
Furthermore, the double doublet resonances at δH 0.43 (dd, J = 4.0 Hz, 9.5 Hz) and δH -0.03 
(dd, J = 4.0 Hz, 9.5 Hz) were observed to correlate with a 13C resonance at δC 23.6 (CH3, C-
19) in the HMBC spectrum.  These observations supported a 3,18-cyclization of a kaurane 
diterpenoid.57  Further correlations were observed in the HMBC spectrum between the two up-
field H-18 resonances and 13C NMR resonances at δC 18.8 (C-2), δC 18.7 (C-3), δC 16.7 (C-4) 
and δC 52.5 (C-5).  From the HSQCDEPT spectrum, the resonance at δH 0.52 (m) was assigned 
to H-3 and the proton resonance at δH 0.94 (s) was found to correspond to the 3H-19 resonance, 
which, in turn, showed a correlation in the HMBC spectrum with the C-5 methine carbon 
3H-20  
3 
2H-17  
3 
H-18a  
3 
H-18b  
3 
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resonance at δC 52.5.  The C-5 resonance showed a correlation in the HMBC spectrum with 
the 3H-20 methyl group singlet resonance (δH 0.99) and the 3H-20 resonance showed 
correlations with carbon resonances at δC 37.7 (C, C-10), δC 40.5 (CH2, C-1) and δC 52.3 (CH, 
C-9). 
Comparison of the 13C NMR chemical shifts of rings B, C and D of compound CH-15a and 
compound CH-11 showed that they are were very similar.  Therefore, the structure of 
compound CH-15a is proposed to be the 3β-18-cyclised derivative of compound CH-11. 
The NOESY spectrum showed that the two H-18 resonances correlated with the H-5 resonance, 
which, in turn, showed a correlation with the H-9 resonance.  The 3H-19 resonance showed a 
correlation with the 3H-20 resonance, and the 3H-20 resonance showed a correlation with one 
of the H-14 resonances.  Compound CH-15a was determined to be a new ent-3α,18-
cyclokaurane-16β,17-diol.  This type of 3β,18-cyclo kaurane (77-78) has been reported 
previously from Croton hirtus.57  
 
Compound CH-14 differed from compound CH-11 in that the hydroxyl group at C-3α was 
absent.  From the HMBC spectrum, two methyl proton resonances at δH 0.79 (s) and δH 0.84 
(s) were observed to both correlate with carbon resonances at δC 42.2 (CH2, C-3), δC 33.4 (C, 
C-4) and δC 56.3 (CH, C-5), as expected.205  In addition, the C-5 resonance showed a correlation 
in the HMBC spectrum with a methyl group singlet proton resonance at δH 0.99 (s) assignable 
to 3H-20.  The structure of this compound was determined to be the known ent-kaurane-
16β,17-diol reported previously from many sources including Croton lacciferus195 and the 13C 
NMR data for compound CH-14 were comparable to those reported.   
The 1H NMR spectrum of compound CH-15b showed two exocyclic methylene proton 
resonances at δH 4.74 (brs, W1/2 = 4.5 Hz) and δH 4.43 (brs, W1/2 = 4.5 Hz) which corresponded 
in the HSQCDEPT spectrum with a carbon resonance at δC 105.4 (CH2).  Assignment of the 
resonances for CH-15b was not possible due to small amounts present in the mixture, but it 
was noted that resonances were overlapped with those of those of compounds CH-14 and CH-
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15a.  This suggested that the exocyclic double bond occurred at the Δ4(18) rather than the Δ16 
position.  Compound CH-15b was therefore tentatively determined to be a previously 
undescribed ent-19-norkaur-4(18)-ene-16β,17-diol, but the structure could not be proven. 
We found that we were able to make use of the DOSY spectrum to effectively identify closely 
related compounds of a three-component mixture and by using 2D NMR techniques to assign 
fully the NMR spectra of two compounds.  Unfortunately, pure compounds cannot be produced 
using this method to determine physical properties and biological activity of the pure 
compounds. 
Table 37: Correlation table for NMR data of compound CH-14: Ent-kaurane-16β,17-diol. 
No. 
13C NMR 
(100 MHz) 
in CDCl3 
13C NMR 
(100 MHz) 
in CDCl3205 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC 
(H→C) 
COSY NOESY 
1α 40.5 CH2 40.4 1.74 d J = 12.8 3, 9, 10, 20 1β, 2α, 2β 
1β, 2α, 3α, 
11α, 20 
1β   
0.70 dd J = 3.7, 
12.8 
2, 3, 5, 9, 10, 
20 
1α, 2α, 2β 1α, 2β,  3β, 5 
2α 18.4 CH2 18.3 1.58 m 1, 3, 10 
1α, 1β, 2β, 
3α, 3β 
1α, 3α, 20 
2β   1.40 m 1, 3, 10 
1α, 1β, 2α, 
3α, 3β 
1β, 5, 18 
3α 42.2 CH2 42.0 1.36 m 1, 5 2α, 2β, 3β 1α, 2α 
3β   1.12 m 
1, 2, 4, 5, 18, 
19 
2α, 2β, 3α 1β, 5, 9, 18 
4 33.4 C 33.2 - - - - 
5 56.3 CH 56.2 0.75 m 
1, 3, 4, 6, 7, 9, 
10, 18, 19, 20 
6α, 6β 
2β, 3β, 6β, 7β, 
9, 18 
6α 20.6 CH2 20.5 1.52 m 5, 7, 8, 10 
5, 6β, 7α, 
7β 
7α, 11α,  14α, 
19, 20 
6β   1.28 m 4, 5, 7, 10 
5, 6α, 7α, 
7β 
5, 7β, 11β,  
14β, 17A, 18 
7α 42.2 CH2 42.0 1.57 m 
5, 6, 8, 9, 14, 
15 
6α, 6β, 7β 
6α, 11α, 14α, 
17A, 17B, 19, 
20 
7β   1.34 m 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 44.9 C 44.7 - - - - 
9 56.9 CH 56.8 0.98 d J = 12.8 
1, 5, 7, 8, 10, 
11, 12, 14, 15, 
20 
11α, 11β 
3β, 5, 7β, 11β, 
12β, 15β 
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10 39.5 C 39.4 - - - - 
11α 19.2 CH2 18.6 1.51 m 8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 
12α, 14α, 17B 
11β   1.51 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 12β, 
14β 
12α 26.5 CH2 26.3 1.53 m 
9, 11, 13, 14, 
16 
11α, 11β, 
12β, 13 
11α, 14α, 
17A, 17B 
12β   1.53 m 
9, 11, 13, 14, 
16 
11α, 11β, 
12α, 13 
9, 11β, 14β, 
17A, 17B 
13 45.6 CH 45.6 
2.02 brd W1/2 = 
13.0 
8, 11, 12, 15, 
16 
12α, 12β, 
14α, 14β 
14β, 17B, 19, 
20 
14α 37.5 CH2 37.3 
1.93 dd J = 7.0, 
13.0 
9, 12, 15, 16 13, 14β 
6α, 7α, 11α, 
12α, 20 
14β   1.60 m 
7, 8, 9, 12, 13, 
15, 16 
13, 14α 
6β, 7β, 11β, 
12β, 13 
15α 53.5 CH2 53.5 1.56 d J = 5.0 
7, 8, 9, 13, 14, 
16, 17 
15β 
17A, 17B, 7β, 
11α 
15β   1.41 d J = 5.0 
7, 8, 9, 13, 14, 
16, 17 
15α 9, 17A, 17B 
16 82.2 C 81.7 - - - - 
17A 66.5 CH2 66.3 3.76 d J = 11.5 13, 15, 16 17B 
6β, 12α, 12β, 
15α, 15β, 17B 
17B   3.66 d J = 11.5 13, 15, 16 17A 
7α, 11α, 12α, 
12β 13, 15α, 
15β, 17A 
18 33.8 CH3 33.5 0.84 s 3, 4, 5, 19 - 
1β, 3β, 5, 6β, 
7β 
19 21.7 CH3 21.5 0.79 s 3, 4, 5, 18 - 
1α, 2α, 6α, 
7α, 20 
20 18.0 CH3 17.7 0.99 s 1, 5, 9, 10 - 
1α, 2α, 6α, 
7α, 13, 14α, 
19 
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Table 38: Correlation table for NMR data of compound CH-15a: Ent-3α,18-cyclokaurane-16β,17-diol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 40.5 CH2 1.74 d J = 12.8 3, 9, 10, 20 1β, 2α, 2β 
1β, 2α, 3α, 11α, 
20 
1β  
0.70 dd J = 3.7, 
12.8 
2, 3, 5, 9, 10, 20 1α, 2α, 2β 1α, 2β, 5 
2α 18.8 CH2 1.58 m 1, 3, 10, 18 1α, 1β, 2β, 3 1α, 3, 20 
2β  1.50 m 1, 3, 10, 18 1α, 1β, 2α, 3 1β, 5, 18 
3 18.7 CH 0.52 m 1, 5 
2α, 2β, 18A, 
18B 
2α, 18A, 18B, 
20 
4 16.7 C - - - - 
5 52.5 CH 0.81 m 
1, 3, 4, 6, 7, 9, 10, 18, 
19, 20 
6α, 6β 
2β, 3β, 6β, 7β, 
9, 18A, 18B 
6α 24.1 CH2 1.65 m 5, 7, 8, 10 5, 6β, 7α, 7β 
7α, 11α,  14α, 
19, 20 
6β  1.45 m 4, 5, 7, 10 5, 6α, 7α, 7β 
5, 7β, 11β,  14β, 
17A, 18 
7α 41.3 CH2 1.57 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α, 
17A, 17B, 19, 
20 
7β  1.43 m 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 44.6 C - - - - 
9 52.3 CH 0.88 d J = 12.8 
1, 5, 7, 8, 10, 11, 12, 
14, 15, 20 
11α, 11β 
5, 7β, 11β, 12β, 
15β 
10 37.7 C - - - - 
11α 19.5 CH2 1.91 m 8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 6α, 7α, 12α, 
14α, 17B 
11β  1.62 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 12β, 
14β 
12α 26.1 CH2 1.53 m 9, 11, 13, 14, 16 
11α, 11β, 12β, 
13 
11α, 14α, 17A, 
17B 
12β  1.53 m 9, 11, 13, 14, 16 
11α, 11β, 12α, 
13 
9, 11β, 14β, 
17A, 17B 
13 45.5 CH 
2.02 brd W1/2 = 
13.0 
8, 11, 12, 15, 16 
12α, 12β, 14α, 
14β 
14β, 17B, 19, 20 
14α 37.7 CH2 
1.93 dd J = 7.0, 
13.0 
9, 12, 15, 16 13, 14β 
6α, 7α, 11α, 
12α, 20 
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14β  1.60 m 7, 8, 9, 12, 13, 15, 16 13, 14α 
6β, 7β, 11β, 
12β, 13 
15α 53.3 CH2 1.56 d J = 5.0 7, 8, 9, 13, 14, 16, 17 15β 
17A, 17B, 7β, 
11α, 18A 
15β  1.41 d J = 5.0 7, 8, 9, 13, 14, 16, 17 15α 9, 17A, 17B 
16 82.2 C - - - - 
17A 66.5 CH2 3.76 d J = 11.5 13, 15, 16 17B 
6β, 12α, 12β, 
15α, 15β, 17B 
17B  3.66 d J = 11.5 13, 15, 16 17A 
7α, 11α, 12α, 
12β 13, 15α, 
15β, 17A 
18A 22.8 CH2 
0.43 dd J = 4.0, 
9.5 
2, 3, 4, 5, 19 3, 18B 
1β, 3β, 5, 6β, 
7β, 15α, 18B 
18B  
- 0.03 dd J = 4.0, 
9.5 
2, 3, 4, 5, 19 3, 18A 5, 18A 
19 23.6 CH3 0.94 s 3, 4, 5, 18 - 
1α, 2α, 6α, 7α, 
20 
20 14.4 CH3 0.99 s 1, 5, 9, 10 - 
1α, 2α, 3, 6α, 
7α, 13, 14α, 19 
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4.2.15. Structural elucidation of compounds CH-16, CH-17a and CH-17b: Ent-17-
acetoxykauran-16β-ol, ent-17-acetoxy-3α,18-cyclokauran-16β-ol and ent-17-acetoxy-19-
norkaur-4(18)-ene-16β-ol respectively (Appendices 429-444).  
A mixture containing acetates CH-16, CH-17a and CH-17b was obtained by acetylating of 
the mixture CH-14, CH-15a and CH-15b and produced a mixture of the 17-acetate compounds 
which still could not be separated.  Again, the DOSY specrum was used to identify which peaks 
belonged to which compound, and 2D NMR techniques were used to do a full assignment of 
the NMR spectra of CH-16 and CH-17a. 
 
Figure 56: The structure of compound CH-16: Ent-17-acetoxykauran-16β-ol, CH-17a: ent-17-acetoxy-
3α,18-cyclokauran-16β-ol & CH-17b: 19-nor-16α-hydroxy-17-acetoxy-ent-kaur-4(18)-ene. 
The 1H NMR spectrum acquired in DMSO (Figure 58) of the acetylated insperable mixture 
showed 3 separate sets of resonances at 2H-17 that were consistent with 3 compounds. The 
DOSY NMR spectrum shown in Figure 58, concurred with the DOSY spectrum for the 
unacetylated mixture described in Section 4.2.14 above.  As observed for compounds CH-14, 
CH-15a and CH-15b in Figure 52, the current expanded DOSY spectra support the presence 
of the three compounds as shown in Figure 59, Figure 60 and Figure 61.  
 
Resonances for 2H-17 
Figure 57: 1H NMR sepctrum of the compounds CH-16, CH-17a and CH-17b analysed using d-DMSO 
showing three separated 2H-17 resonances for the 3 compounds 
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Figure 58: DOSY spectrum for compounds CH-16, CH-17a and CH-17b 
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Figure 59: DOSY spectrum showing selected peaks for compounds CH-16 
  
Figure 60: DOSY spectrum showing selected peaks for compounds CH-17a 
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Figure 61: DOSY spectrum showing selected peaks for compounds CH-17b 
 
Table 39: Correlation table for NMR data of compound CH-16: Ent-17-acetoxykauran-16β-ol 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 40.4 CH2 1.74 d J = 12.8 2, 3, 9, 10, 20 1β, 2α, 2β 
1β, 2α, 3α, 11α, 
20 
1β  0.70 dd J = 3.5, 12.8 2, 5, 9, 10, 20 1α, 2α, 2β 1α, 2β,  3β, 5 
2α 18.4 CH2 1.58 m 1, 3, 4, 10 
1α, 1β, 2β, 3α, 
3β 
1α, 3α, 20 
2β  1.40 m 1, 3, 4, 10 
1α, 1β, 2α, 3α, 
3β 
1β, 5, 18 
3α 42.2 CH2 1.35 m 1, 5, 18, 19 2α, 2β, 3β 1α, 2α 
3β  1.11 m 1, 2, 4, 5, 18, 19 2α, 2β, 3α 1β, 5, 9, 18 
4 33.4 C - - - - 
5 56.3 CH 0.75 m 
1, 3, 4, 6, 7, 9, 
10, 18, 19, 20 
6α, 6β 
2β, 3β, 6β, 7β, 9, 
18 
6α 20.6 CH2 1.53 m 5, 7, 8, 10 5, 6β, 7α, 7β 
7α, 11α,  14α, 19, 
20 
 
 
2H-17 3H-2’ 
3H-20 
H-18a 
H-18b 
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6β  1.28 m 5, 7, 10 5, 6α, 7α, 7β 
5, 7β, 11β,  14β, 
17A, 17B, 18 
7α 42.0 CH2 1.57 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α, 19, 
20 
7β  1.34 m 6, 14 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 45.0 C - - - - 
9 56.8 CH 0.98 dd J = 7.0, 12.8 
1, 5, 7, 8, 10, 
11, 12, 14, 15, 
20 
11α, 11β 
3β, 5, 7β, 11β, 
12β, 15β 
10 39.6 C - - - - 
11α 19.1 CH2 1.58 m 8, 9, 10, 12, 13 9, 11β, 12α, 12β 
1α, 6α, 7α, 12α, 
14α 
11β  1.51 m 8, 9, 10, 12, 13 9, 11α, 12α, 12β 
6β, 7β, 9, 12β, 
14β 
12α 26.5 CH2 1.52 m 9, 11, 13, 14, 16 
11α, 11β, 12β, 
13 
11α, 14α, 17A, 
17B 
12β  1.52 m 9, 11, 13, 14, 16 
11α, 11β, 12α, 
13 
9, 11β, 14β, 17A, 
17B 
13 46.3 CH 2.03 brd W1/2 = 13.0 8, 11, 12, 15, 16 
12α, 12β, 14α, 
14β 
14β, 19, 20 
14α 37.4 CH2 1.98 dd J = 5.0, 13.0 
7, 8, 12, 13, 15, 
16 
13, 14β 
6α, 7α, 11α, 12α, 
20 
14β  1.63 dd J = 5.0, 13.0 
7, 8, 9, 12, 13, 
15, 16 
13, 14α 
6β, 7β, 11β, 12β, 
13 
15α 53.4 CH2 1.58 d J = 5.0 
7, 8, 9, 13, 14, 
16, 17 
15β 
7β, 11α, 17A, 
17B 
15β  1.44 d J = 5.0 
7, 8, 9, 13, 14, 
16, 17 
15α 9, 17A, 17B 
16 82.1 C - - - - 
17A 68.8 CH2 4.23 d J = 11.5 1’, 13, 15, 16 17B 
6β, 12α, 12β, 
15α, 15β, 17B, 18 
17B  4.23 d J = 11.5 1’, 13, 15, 16 17A 
6β, 12α, 12β, 
15α, 15β, 17A, 18 
18 33.8 CH3 0.84 s 3, 4, 5, 19 - 
1β, 2’, 3β, 5, 6β, 
7β, 17A, 17B 
19 21.7 CH3 0.79 s 3, 4, 5, 18 - 1α, 2α, 6α, 7α, 20 
20 18.0 CH3 0.99 s 1, 5, 9, 10 - 
1α, 2α, 6α, 7α, 
13, 14α, 19 
1’ 171.5 C - - - - 
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2’ 21.2 CH3 2.10 s 1’, 17 - 18 
 
Table 40: Correlation table for NMR data of compound CH-17a: Ent-17-acetoxy-3α,18-cyclokauran-16β-
ol. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 40.5 CH2 1.74 d J = 12.8 2, 3, 9, 10, 20 1β, 2α, 2β 2α, 3α, 11α, 20 
1β  
0.70 dd J = 3.5, 
12.8 
2, 5, 9, 10, 20 1α, 2α, 2β 2β, 5 
2α 18.7 CH2 1.58 m 1, 3, 4, 10, 18 1α, 1β, 2β, 3 1α, 3, 20 
2β  1.50 m 1, 3, 4, 10, 18 1α, 1β, 2α, 3 1β, 5, 18 
3 18.8 CH 
0.52 ddd J = 3.5, 
9.5, 15.8 
1, 4, 5, 18, 19 
2α, 2β, 18A, 
18B 
2α, 11α, 18A, 
18B, 20 
4 16.7 C - - - - 
5 52.4 CH 0.83 m 
1, 3, 4, 6, 7, 9, 10, 18, 
19, 20 
6α, 6β 
2’, 2β, 3β, 6β, 
7β, 9, 17A, 17B, 
18A, 18B 
6α 24.1 CH2 1.69 m 5, 7, 8, 10 5, 6β, 7α, 7β 
7α, 11α,  14α, 
19, 20 
6β  1.44 m 4, 5, 7, 10 5, 6α, 7α, 7β 
5, 7β, 11β,  14β, 
17A, 18 
7α 41.1 CH2 1.58 m 5, 6, 8, 9, 14, 15 6α, 6β, 7β 
6α, 11α, 14α, 
19, 20 
7β  1.44 m 6, 5, 8, 9, 14, 15 6α, 6β, 7α 
5, 6β, 9, 11β,  
14β, 15α, 18 
8 44.8 C - - - - 
9 52.3 CH 0.89 brd J = 12.0 
1, 5, 7, 8, 10, 11, 12, 
14, 15, 20 
11α, 11β 
5, 7β, 11β, 12β, 
15β, 17A, 17B, 
18A, 18B 
10 37.7 C - - - - 
11α 19.5 CH2 1.93 m 8, 9, 10, 12, 13 
9, 11β, 12α, 
12β 
1α, 3, 6α, 7α, 
12α, 13, 14α 
11β  1.65 m 8, 9, 10, 12, 13 
9, 11α, 12α, 
12β 
6β, 7β, 9, 12β, 
14β, 17A, 17B, 
18B 
12α 26.1 CH2 1.50 m 9, 11, 13, 14, 16 
11α, 11β, 12β, 
13 
11α, 14α, 17A, 
17B 
12β  1.50 m 9, 11, 13, 14, 16 
11α, 11β, 12α, 
13 
9, 11β, 14β, 
17A, 17B 
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13 46.1 CH 
2.03 brd W1/2 = 
13.0 
8, 11, 12, 15, 16 
12α, 12β, 14α, 
14β 
14β, 17A, 17B, 
19, 20 
14α 37.6 CH2 1.98 dd J = 5.0, 13 7, 8, 12, 13, 15, 16 13, 14β 
6α, 7α, 11α, 
12α, 20 
14β  1.63 dd J = 5.0, 13 7, 8, 9, 12, 13, 15, 16 13, 14α 
6β, 7β, 11β, 
12β, 13 
15α 53.3 CH2 1.58 d J = 5.0 7, 8, 9, 13, 14, 16, 17 15β 
7β, 11α, 17A, 
17B, 18A 
15β  1.44 d J = 5.0 7, 8, 9, 13, 14, 16, 17 15α 9, 17A, 17B, 
16 82.2 C - - - - 
17A 68.9 CH2 4.22 d J = 11.5 1’, 13, 15, 16 17B 
2’, 5, 6β, 9, 11β 
12α, 12β, 15α, 
15β, 17B 
17B  4.22 d J = 11.5 1’, 13, 15, 16 17A 
2’, 5, 9, 11β, 
12α, 12β 13, 
15α, 15β, 17A 
18α 22.8 CH2 
0.43 dd J = 4.0, 
9.5 
2, 3, 4, 5, 18 3, 18B 
1β, 3β, 5, 6β, 
7β, 9, 15α, 18B 
18β  
-0.03 dd J = 4.0, 
9.5 
2, 3, 4, 5, 18 3, 18A 5, 9, 11β, 18A 
19 23.6 CH3 0.94 s 3, 4, 5, 19 - 
1α, 2α, 6α, 7α, 
20 
20 14.4 CH3 0.99 s 1, 5, 9, 10 - 
1α, 2α, 3, 6α, 
7α, 13, 14α, 19 
1’ 171.5 C - - - - 
2’ 21.2 CH3 2.09 s 1’, 17 - 5, 17A, 17B 
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4.2.16. Structural elucidation of compound CH-18: Ent-8(17),12(E),14-labdatrien-18-oic 
acid.  (Appendices 445-456).  
Compound CH-18 was isolated as a white solid from the dichloromethane extract of the leaves 
of Croton haumanianus and was determined to be the known ent-8(17),12(E),14-labdatrien-
18-oic acid.  Compound CH-18 has previously been isolated from Helianthus angustifolius211 
and Daniellia ogea.212 
 
Figure 62: The structure of compound CH-18: Ent-8(17),12(E),14-labdatrien-18-oic acid. 
The low-resolution electron impact mass spectrum for compound CH-18 gave a molecular ion 
peak [M]+ at m/z 302.1, indicating a C20H30O2 molecular formula and six degrees of 
unsaturation.  The FTIR spectrum showed absorption bands at 3410 cm-1 and 1695 cm-1 for a 
CO2H group, and 2931 cm
-1 and 2850 cm-1 for C-H aliphatic stretches.153 
The 1H NMR spectrum of compound CH-18 showed two exocyclic olefinic methylene proton 
resonances at δH 4.83 (d, J = 1.3 Hz) and δH 4.48 (d, J = 1.3 Hz) which were correlated with 
the C-17 resonance at δC 108.4.  Double bond proton resonances at δH 5.07 (d, J = 17.5 Hz) and 
δH 4.87 (d, J = 10.5 Hz) corresponding to a carbon resonance at δC 108.4 (C-15), H-12 (δH 5.41, 
t, J = 6.5 Hz) and H-14 (δH 6.34 (dd, J = 10.5 Hz, 17.5 Hz) resonances were observed in the 
HSQCDEPT spectrum.  In addition to the resonances above, the 1H NMR spectrum also 
displayed three methyl group proton resonances at δH 1.75 (s, 3H-16), δH 1.17 (s, 3H-19) and 
δH 0.77 (s, 3H-20).   
The 13C NMR spectrum displayed 20 carbon resonances.  The DEPT and HSQCDEPT spectra 
showed that compound CH-18 possessed three methyl carbon resonances (CH3), eight 
methylene carbon resonances (CH2), four methine carbon resonances (CH) and therefore, five 
fully substituted carbons (C).  The carbon resonance observed at δC 183.9 was due to a 
carboxylic acid group at C-18.  A search in the literature showed that the 1H and 13C NMR 
chemical shifts for compound CH-18 and those of the known 8(17),12(E),14-labdatrien-18-oic 
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acid, were the same.211,212  The trans (E) configuration of the Δ12,13 in the side chain was 
determined from the chemical shift of the proton resonance that occurred at δH 6.34 (dd, J = 
10.5 Hz, 17.5 Hz, H-14) for compound CH-18 appearing slightly up-field as compared to the 
cis (Z) isomer that should occur at δH 6.79.213 
A specific rotation value of [α]22
D
  -55.4 (c 1.00, CH2Cl2) was determined, against the literature 
value of [α]22
D
  -47 (CHCl3), however, they are both negative and therefore, ent configuration.  
The structure of compound CH-18 was determined to be the known ent-8(17),12(E),14-
labdatrien-18-oic acid. 
Table 41: NMR data of compound CH-18: Ent-8(17),12(E),14-labdatrien-18-oic acid compared against 
literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (270 MHz) in 
CDCl3211 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 37.8 CH2 37.8 2.35 m 
1β   2.08 m 
2α 18.7 CH2 18.6 1.61 m 
2β   1.61 m 
3α 38.3 CH2 38.4 1.80 m 
3β   1.19 m 
4 47.6 C 47.9 - 
5 57.2 CH 57.3 1.84 m 
6α 26.8 CH2 26.8 1.48 m 
6β   1.36 m 
7α 37.3 CH2 37.2 1.79 m 
7β   1.63 m 
8 148.0 C 148.1 - 
9 49.6 CH 50.0 2.00 dd J = 2.9, 12.4 
10 39.0 C 39.1 - 
11α 23.2 CH2 23.2 2.34 m 
11β   2.16 m 
12 133.9 CH 133.7 5.41 t J = 6.5 
13 133.8 C 133.7 - 
14 141.8 CH 141.7 6.34 dd J = 10.5, 17.5 
15A 110.2 CH2 109.9 5.07 d J = 17.5 
15B   4.87 d J = 10.5 
16 12.1 CH3 11.9 1.75 s 
17A 108.4 CH2 108.1 4.83 d J = 1.3 
17B   4.48 d J = 1.3 
18 183.9 C 179.2 - 
19 16.7 CH3 16.8 1.17 s 
20 14.9 CH3 14.8 0.77 s 
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4.2.17. Structural elucidation of compound CH-19: Dimethyl ent-15,16-epoxy-6β-
hydroxy-1,3,13(16),14-clerodatetraen-20,12S-olide-18,19-dioate (Appendices 457-468)  
Compound CH-19 was isolated as a yellow solid from the CH2Cl2 extract of the leaves of 
Croton haumanianus and was determined to be an undescribed dimethyl ent-15,16-epoxy-6β-
hydroxy-1,3,13(16),14-clerodatetraen-20,12S-olide-18,19-dioate, trivially named saniolide A. 
      
Figure 63: The structure of compound CH-19: Dimethyl ent-15,16-epoxy-6β-hydroxy-1,3,13(16),14-
clerodatetraen-20,12S-olide-18,19-dioate (showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CH-19 gave a [M+H]+ peak at m/z 417.1556, consistent with a 
molecular formula C22H24O8 for this compound.  This corresponded with eleven degrees of 
unsaturation for compound CH-19. 
The FTIR spectrum indicated the presence of absorption bands at 3445 cm-1 for an O-H stretch, 
3058 cm-1 and 1611 cm-1 for C-H stretches of double bonds, and absorption bands at 1767 cm-
1 and 1731 cm-1 for ester carbonyl group stretches.153 
The 1H NMR spectrum showed six alkene double bond resonances at δH 7.50 (m), δH 7.48 (t, 
J = 1.8 Hz), δH 7.05 (d, J = 5.0 Hz), δH 6.44 (d, J = 1.8 Hz), δH 6.09 (m) and δH 5.98 (dd, J = 
6.5 Hz, 9.5 Hz), two oxygenated methine proton resonances at δH 5.46 (t, J = 8.2 Hz) and 5.33 
(m), two methoxy group singlet proton resonances at δH 3.75 (s) and δH 3.58 (s), one methyl 
group doublet proton resonance at δH 1.10 (d, J = 6.5 Hz) and two methine proton resonances 
at δH 3.55 (m) and 2.27 (m).   
The 13C NMR and DEPT NMR spectra showed twenty-two carbon resonances for compound 
CH-19.  Three carbonyl carbon resonances were observed at δC 176.3, δC 171.3 and δC 167.3, 
eight alkene carbon resonances were observed at δC 144.5, δC 139.5, δC 137.7, δC 133.6, δC 
131.9, δC 125.6, δC 124.5 and δC 108.5, two oxygenated methine carbon resonances at δC 72.2 
and δC 66.3, and two methoxy group carbon resonances at δC 52.3 and δC 51.7.  Overall, 
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compound CH-19 showed three methyl group (CH3), two methylene group (CH2), ten methine 
(CH) and seven fully substituted carbon (C) resonances.  From the data described above, the 
structure of compound CH-19 was determined to be a di-methoxylated diterpenoid that 
possesses four rings, four double bonds and three carbonyl groups.  Typically, the presence of 
a furan ring in a diterpenoid suggested that the compound was either a clerodane, labdane or 
halimane.158,214      
The characteristic double bond proton resonances observed in the 1H NMR spectrum at δH 7.50, 
δH 7.48 and δH 6.44, that were coupled, were attributed to a β-substituted furan ring and 
resonances were assigned as H-16, H-15 and H-14 respectively.55,215  The corresponding 
carbon resonances were seen in the HSQCDEPT spectrum to occur at δC 139.5, δC 144.5 and 
δC 108.5 respectively.  The H-14 and H-15 resonances were observed to correlate in the HMBC 
spectrum with a fully substituted carbon resonance at δC 124.5 which was assigned as C-13.  
From the HMBC spectrum, correlations were observed between the C-13, C-14 and C-16 
resonances with an oxymethine proton resonance at δH 5.46 (dd, J = 8.2 Hz, 8.2 Hz), that was 
assigned as H-12.  In addition, the H-12 resonance showed connectivity in the COSY spectrum 
with proton resonances at δH 2.56 (dd, J = 8.2 Hz, 9.0 Hz) and δH 2.46 (dd, J = 8.2 Hz, 9.0 Hz) 
that were assigned as the two H-11 resonances, which showed no further coupling.  The carbon 
resonances that occurred at δC 41.4 (CH2) and δC 72.2 (CH) were assigned as C-11 and C-12.  
The two H-11 resonances showed correlations in the HMBC spectrum with carbon resonances 
at δC 35.3, δC 52.1, δC 42.4, δC 72.2 and δC 124.5 that were assigned as C-8, C-9, C-10, C-12 
and C-13 respectively.  One of the H-11 resonance (δH 2.56) showed a correlation in the HMBC 
spectrum with a carbon resonance at δC 176.3 that was assigned as C-20.  The corresponding 
proton resonances at δH 2.27 (m) and δH 3.55 (m) were assigned to H-8 and H-10 respectively.  
The H-8 resonance showed coupling in the COSY spectrum with a methyl group doublet proton 
resonance at δH 1.10 that was assigned as 3H-17 and with two proton resonances at δH 2.28 (m) 
and δH 1.70 (m) for two H-7’s.  The two H-7 resonances were observed in the COSY spectrum 
to couple with an oxymethine proton resonance at δH 5.33 (m) that was assigned as H-6.  The 
corresponding carbon resonances at δC 66.3, δC 34.7 and δC 17.0 were assigned to C-6, C-7 and 
C-17, respectively using the HSQCDEPT spectrum.  In the HMBC spectrum, the C-6 
resonance was observed to correlate with the already assigned H-10 proton resonance.  
Similarly, the H-10 resonance showed correlations in the HMBC spectrum with carbon 
resonances at δC 133.6, δC 131.9, δC 50.4, δC 66.3, δC 52.1, δC 171.3 and δC 176.3 for C-1, C-4, 
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C-5, C-6, C-9, C-19 and C-20 respectively.  From the COSY spectrum, the H-10 resonance 
showed a coupled sequence with a double bond proton resonance at δH 5.98 (dd, J = 6.5 Hz, 
9.5 Hz) assignable as H-1.  The H-1 resonance was coupled with a proton resonance at δH 6.09 
(m) for H-2, which in turn, was coupled to a proton resonance at δH 7.05 (d, J = 5.0 Hz) assigned 
as H-3.  The H-3 resonance showed correlation in the HMBC spectrum with carbon resonances 
at δC 133.6, δC 125.6, δC 131.9, δC 50.4 and δC 167.3 for C-1, C-2, C-4, C-5 and C-18 
respectively.  Two methoxy group proton resonances at δH 3.75 (s) and δH 3.58 (s) were 
observed to correlate in the HMBC spectrum with the C-18 and C-19 resonances, respectively. 
The above data suggested that compound CH-19 was a di-methoxylated clerodane diterpenoid 
where ring A possessed two double bonds, ring B possessed a hydroxyl group at the C-6 
position with a β-substituted ring and C-20/C-12 lactone group.  
The NOESY spectrum was used to assign the relative configuration for compound CH-19.  The 
H-10 resonance showed a correlation in the NOESY spectrum with the H-6 and H-8 
resonances, therefore H-6, H-8 and H-10 were on one face of the molecule.  In the same way, 
the 3H-17 resonance showed correlations in the NOESY spectrum with the CH3O-19 and the 
H-12 resonances, therefore, the H-12, 3H-17 and the CH3O-19 group were on the other face of 
the molecule.  A 3D structural model showed that for the 12R configuration, a correlation 
would be seen between the H-12 and 3H-17 proton resonances whereas if the 12S configuration 
was present, a correlation would be seen between proton resonances of H-12 and H-1 as shown 
in Figure 66. 
A specific rotation value of [α]22
D
  -50.5 (c 0.97, CH2Cl2) was determined for compound CH-19.  
In order to confirm whether the compound belonged to the normal or ent-series, an electronic 
circular dichroism study was conducted for compound CH-19.  The n-π* transition at 290 nm 
(∆E = -69.4) and negative Cotton effects at 230 nm (∆E = -8.9) confirmed this assignment as 
the ent-series as shown in Figure 63.  A search in the literature showed that compound CH-19 
has not been reported previously, therefore determined it is a newly described clerodane 
diterpenoid, dimethyl ent-15,16-epoxy-6β-hydroxy-1,3,13(16),14-clerodatetraen-20,12S-
olide-18,19-dioate and was given the trivial name of saniolide A.  As a plant produces 
compounds of either the normal or ent-series, it was assumed that all the co-isolated clerodane 
compounds in this work belonged to the ent-series.   
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Figure 64: ECD spectra experimental and calculated ent- and normal series for compound CH-19 
Table 42: Correlation table for NMR data of compound CH-19: Dimethyl ent-15,16-epoxy-6β-hydroxy-
1,3,13(16),14-clerodatetraen-20,12S-olide-18,19-dioate. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 133.6  CH 5.98 dd, J = 3.5, 5.5 3, 5, 10 2, 10 
2, 3, 10, 11β, 
14 
2 125.6  CH 6.09 m  1, 3 1, 3, 14 
3 137.7  CH 7.05 d, J = 5.0 1, 2, 4, 5, 18 2 1, 2, 21 
4 131.9  C - - - - 
5 50.4  C - - - - 
6 66.3  CH 5.33 dd, J = 3.0, 5.8  7α, 7β 1, 7α, 7β, 8, 10 
7α 34.7  CH2 2.28 m 8 6, 7β, 8 6, 7β, 17 
7β  1.70 m 5, 6, 8, 9 6, 7α, 8 6, 7α 
8 35.3  CH 2.27 m 7, 20 7α, 7β, 17 6, 10 
9 52.1  C - - - - 
10 42.4  CH 3.55 m 1, 4, 5, 6, 9, 19, 20 1 1, 6, 8, 11β 
11α 41.4  CH2 2.56 dd, J = 8.2, 8.2 8, 9, 10, 12, 13, 20 11β, 12 12 
11β  2.46 dd, J = 8.2, 9.0 8, 9, 10, 12, 13 11α, 12 1, 6, 10 
12 72.2  CH 5.46 dd, J = 8.2, 9.0 13, 14, 16 11α, 11β 11α, 17 
13 124.5  C - - - - 
14 108.5  CH 6.44 d, J = 1.8 13, 15, 16 15 1, 2, 15, 16 
15 144.5  CH 7.48 t, J = 1.8 13, 14, 16 14, 16 14 
16 139.5  CH 7.50 m 12, 13, 14, 15 15 14 
17 17.0  CH3 1.10 d, J = 6.5 7, 8, 9 8 7α, 12, 22 
18 167.3  C - - - - 
19 171.3  C - - - - 
20 176.3  C - - - - 
21 52.3  OCH3 3.75 s 18 - 3 
22 51.7  OCH3 3.58 s 19 - 17 
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4.2.18. Structural elucidation of compound CH-20: Dimethyl ent-15,16-epoxy-6β-
hydroxy-1,3,13(16),14-clerodatetraen-20,12R-olide-18,19-dioate (12-epi-saniolide) 
(Appendices 469-481)  
Compound CH-20 was isolated as a yellow solid from the CH2Cl2 extract of the leaves of 
Croton haumanianus.  Compound CH-20 was found to be the 12S-epimer of compound CH-
19 and was identified as the new 12-epi-saniolide A, dimethyl ent-15,16-epoxy-6β-hydroxy-
1,3,13(16),14-clerodatetraen-20,12R-olide-18,19-dioate. 
 
Figure 65: The structure of compound CH-20: 12-Epi-saniolide A (showing correlations seen in the 
NOESY spectrum). 
The HRESIMS for compound CH-20 gave a [M+H]+ peak at m/z 417.1546 corresponding to a 
molecular formula of C22H24O8 for CH-20 and eleven degrees of unsaturation.  The FTIR 
spectrum indicated the presence of absorption bands at 3444 cm-1 for an O-H stretch, 3059 cm-
1 and 1611 cm-1 for C-H stretches of double bonds, and absorption bands at 1767 cm-1 and 1732 
cm-1 for ester carbonyl group stretches as were observed in compound CH-19.153 
The 1H NMR, 13C and DEPT spectroscopic data for compound CH-20 was found to be very 
similar to those obtained for compound CH-19 except for slight differences in the proton 
resonances of H-1, H-8, H-10, H-12 and 3H-17.  Similarly, the 13C NMR chemical shifts also 
showed minor differences for the C-8, C-10 and C-13 resonances.  However, remarkable 
differences were observed in the correlations observed in the NOESY spectrum as shown in 
Table 42 and Table 43.   
The correlations observed in the NOESY spectrum showed that compound CH-20 was a C-12 
epimer of compound CH-19.  The NOESY spectrum of compound CH-20 showed correlations 
between the H-1 resonance (δH 6.19, m) and the H-12 resonance (5.53 dd, J = 8.5 Hz, 8.8 Hz) 
and between the H-10 resonance (δH 3.72, m) and the H-12 resonance, confirming the 12S-
configuration as shown in Figure 66.  Thus, compound CH-20 was a new 12S epimer of 
 4. The Chemistry of Croton haumanianus 
172 
 
 
saniolide A.  The specific rotation for compound CH-20 was found to be [α]22
D
  -70.5 (c 1.00, 
CH2Cl2). 
 
 
 
 
 
 
Figure 66: 3D structures showing key NOESY correlations for compound CH-19 (left) and compound 
CH-20 (right). 
Table 43: Correlation table for NMR data of compound CH-20: 12-Epi-saniolide. 
No. 
13C NMR 
(100 MHz) in 
CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 133.4  CH 6.19 m 3, 5, 10 2, 10 11α, 12, 16 
2 124.2  CH 6.15 m 3, 10 1, 3 10, 11α, 12 
3 137.3  CH 7.04 d, J = 5.0 1, 4, 5, 18 2 12 
4 130.8  C - - - - 
5 50.0  C - - - - 
6 66.5  CH 5.31 dd, J = 3.0, 5.8 5, 8, 10 7α, 7β 7β, 10, 11β 
7α 34.3  CH2 2.31 m 5 6, 7β, 8 7β, 17 
7β  1.68 m 5, 17 6, 7α, 8 6, 7α, 11β 
8 33.5  CH 2.12 m  7α, 7β, 17 10, 17 
9 52.3  C - - - - 
10 44.2  CH 3.72 m 1, 4, 5, 6, 8, 9, 19, 20 1 2, 6, 8, 11β 12 
11α 41.4  CH2 2.57 dd, J = 8.8, 8.8 8, 9, 10, 12, 13, 20 11β, 12 1, 2 
11β  2.43 dd, J = 8.5, 8.8 8, 9, 10, 12, 13 11α, 12 6, 7β, 12 
12 72.0  CH 5.53 dd, J = 8.5, 8.8 11, 13, 14, 16, 20 11α, 11β 1, 2, 3, 10, 11β 
13 125.7  C - - - - 
14 108.3  CH 6.41 d, J = 1.8 13, 15, 16 15 15, 16, 17 
15 144.4  CH 7.44 t, J = 1.8 13, 14, 16 14, 16 14 
16 139.6  CH 7.47 m 12, 13, 14, 15 15 1, 14 
17 16.5  CH3 0.97 d, J = 6.5 7, 8, 9 8 7α, 8, 14 
18 167.3  C - - - - 
19 171.0  C - - - - 
20 176.1  C - - - - 
21 52.4  OCH3 3.76 s 18 - 22 
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22 51.5  OCH3 3.56 s 19 - 21 
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4.2.19. Structural elucidation of compound CH-21: Methyl ent-15,16-epoxy-
1,3,13(16),14-clerodatetraen-18,6R:20,12S-diolide-19-oate (Appendices 482-492)  
Compound CH-21 was isolated as a yellow solid from the CH2Cl2 extract of the leaves of 
Croton haumanianus and was found to be the 18,6-lactone derivative of compound CH-19.  
This compound is a new methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-18,6R:20,12S-
diolide-19-oate, a previously undescribed clerodane diterpenoid. 
        
Figure 67: The structure of compound CH-21: Methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-
18,6R:20,12S-diolide-19-oate (showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CH-21 gave a [M+H]+ peak at m/z 385.1287 which 
corresponded to a molecular formula of C21H20O7 for CH-21.  From the molecular formula, 
twelve degrees of unsaturation were determined for compound CH-21.  These degrees of 
unsaturation, 13C NMR and the DEPT spectra of compound CH-21 indicated that the 
compound was a pentacyclic clerodane diterpenoid. 
The FTIR spectrum for compound CH-21 showed absorption bands at 3060 cm-1 and 1669 cm-
1 for C-H stretches of double bonds, 2933 cm-1 and 2851 cm-1 for C-H aliphatic stretches.  In 
addition, the FTIR spectrum displayed an absorption band at 1760 cm-1 for an ester carbonyl 
group stretch as well as 1732 cm-1 for a carbonyl stretch.153 
A detailed analysis of the 2D NMR spectra for compound CH-21 indicated that it was also a 
furanoclerodane diterpenoid with a β-substituted furan ring as was observed for compounds 
CH-19 and CH-20, but instead of the methyl ester at C-18, an 18,6-lactone was present in 
compound CH-21 forming the fifth ring with no hydroxyl group at C-6.  The HMBC spectrum 
showed correlations between the H-6 resonance (δH 4.92, dd, J = 3.0 Hz, 10.5 Hz) and carbon 
resonances that occurred at δC 123.7 (C, C-4), δC 48.9 (C, C-5), δC 167.8 (C, C-18) and δC 173.2 
(C, C-19) confirming the presence of a 18,6-lactone ring. 
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The specific rotation for compound CH-21 was [α]22
D
  -128.5 (c 1.00, CH2Cl2).  The 
configurations at chiral centres were determined to be the same as those of the already 
described compound CH-19 except for the 3H-17 that was found to be β-configured as against 
the expected α configuration observed for compounds CH-19 and CH-20.  The correlations 
observed between the 3H-17 resonance and the resonances of H-6 and H-10 in the NOESY 
spectrum confirmed the configuration of the 3H-17 as β.  A search in the Scifinder and DNP 
databases showed that compound CH-21 has not been described, therefore, this is a new methyl 
ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-18,6R:20,12S-diolide-19-oate trivially named 
saniolide B.  An electronic circular dichroism spectrum showed a positive Cotton effect at 240 
nm (∆E = + 7.2) and a negative Cotton effect at 280 nm (∆E = - 20.3) as shown in Figure 68, 
confirming the presence of diterpenoids of the ent- series for this extract. 
 
Figure 68: ECD spectra experimental and calculated ent- and normal series for compound CH-21 
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Table 44: Correlation table for NMR data of compound CH-21: Methyl ent-15,16-epoxy-1,3,13(16),14-
clerodatetraen-18,6R:20,12S-diolide-19-oate. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 131.2  CH 5.87 dd, J = 3.5, 5.5 3, 5, 9, 10 2, 10 2, 10 
2 127.8  CH 6.54 dd, J = 3.5, 5.5 1, 3, 4, 10 1, 3 1, 2, 10 
3 131.4  CH 7.06 d, J = 5.5 1, 2, 5, 18 2 2 
4 123.7  C - - - - 
5 48.9  C - - - - 
6 77.5  CH 4.92 dd, J = 3.0, 10.5 4, 5, 18, 19 7α, 7β 
7β, 10, 11β, 
17 
7α 33.9  CH2 2.31 m 5, 6, 8, 9, 17 6, 7β, 8 7β, 8 
7β  1.62 m 5, 6, 8, 9, 17 6, 7α, 8 6, 7α 
8 31.8  CH 2.28 m 7, 9, 10, 11, 17, 20 7α, 7β, 17 7α, 12, 21 
9 49.3  C - - - - 
10 35.9  CH 4.21 d, J = 5.5 
1, 2, 4, 5, 8, 9, 11, 
19, 20 
1 1, 2, 6, 17 
11α 36.1  CH2 2.30 m 8, 9, 10, 20 11β, 12 12, 17 
11β  2.10 dd, J = 10.5, 10.5 8, 9, 10, 12, 13, 20 11α, 12 6, 12, 17 
12 71.2  CH 5.34 dd, J = 10.5, 10.5 11, 13, 14, 16 11α, 11β 8, 11α, 11β 
13 125.3  C - - - - 
14 108.2  CH 6.30 d, J = 1.8 13, 15, 16 15 16 
15 144.4  CH 7.41 t, J = 1.8 13, 14, 16 14, 16 16 
16 140.4  CH 7.42 d, J = 1.8 12, 13, 14, 15 15 14, 15 
17 13.7  CH3 1.27 d, J = 7.0 7, 8, 9 8 
6, 10, 11α, 
11β 
18 167.8  C - - - - 
19 173.2  C - - - - 
20 176.8  C - - - - 
21 53.9  OCH3 3.74 s 19 - 8 
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4.2.20. Structural elucidation of compound CH-22: Trans-phytol (Appendices 493-503)  
Compound CH-22 was isolated as a colourless oil from the dichloromethane extract of the 
leaves of Croton haumanianus.  It was found to be the known trans-phytol, previously isolated 
from Artemisia annua,174 Raphanus sativus,216 Croton mubango, Croton rivularis and Croton 
sylvaticus by the Mulholland group.175,176 
 
Figure 69: The structure of compound CH-22: Trans-phytol 
The LREIMS for compound CH-22 gave a molecular ion peak [M]+ at m/z 296.1, indicating a 
C20H40O molecular formula with one degree of unsaturation calculated for this compound.  The 
FTIR spectrum showed the presence of absorption bands at 3322 cm-1 for a hydroxyl group 
stretch, and 2918 cm-1 and 2849 cm-1 for C-H aliphatic stretches. 
The 1H and 13C NMR spectra for compound CH-22 were found to be the same as those of 
compound CM-18 previously isolated from Croton mubango.  Compound CH-22 was 
identified as the known trans-phytol and the description of the structural elucidation has been 
given in Chapter 3.  Although, the specific rotation value differed for compound CH-22, [α]22
D
  
-77.9 (c 0.89, CH2Cl2) whereas compound CM-18 earlier isolated from Croton mubango 
afforded [α]22
D
  -50.0 (c 0.40, CH2Cl2), it was concluded to be the commonly reported trans-
phytol. 
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Table 45: NMR data of compound CH-22: Trans-phytol compared against literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
CDCl3216 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 59.7 CH2 59.4 4.14 d, J = 6.9 
1β   4.14 d, J = 6.9 
2 123.3 CH 123.0 5.40 q, J = 6.9 
3 140.6 C 140.3 - 
4α 40.1 CH2 39.9 1.99 t, J = 7.8 
4β   1.99 t, J = 7.8 
5α 25.4 CH2 25.1  
 
 
 
 
 
 
 
 
 
 
1.04 -1.38 m 
 
5β   
6α 36.9 CH2 36.6 
6β   
7 33.0 CH 32.8 
8α 37.6 CH2 37.4 
8β   
9α 24.7 CH2 24.4 
9β   
10α 37.6 CH2 37.4 
10β   
11 32.9 CH 32.7 
12α 37.5 CH2 37.4 
12β   
13α 25.0 CH2 24.7 
13β   
14α 39.6 CH2 39.4 
14β   
15 28.2 CH 28.0 1.51 m 
16 22.8 CH3 22.7 0.86 d, J = 6.5 
17 22.9 CH3 22.8 0.86 d, J = 6.5 
18 20.0 CH3 19.7 0.84 d, J = 6.5 
19 19.9 CH3 19.7 0.84 d, J = 6.5 
20 16.4 CH3 16.2 1.67 s 
 
 
 
 
 
 
 
 
 4. The Chemistry of Croton haumanianus 
179 
 
 
4.2.21. Structural elucidation of compound CH-23: (S)-Curcumene (Appendices 504-513)  
Compound CH-23 was isolated as a colourless oil from the dichloromethane extract of the 
leaves of Croton haumanianus.  It was found to be the known (S)-curcumene, previously 
isolated from rhizomes of Curcuma aromatica Salisb.217  
 
Figure 70: The structure of compound CH-23: (S)-Curcumene 
The LREIMS for compound CH-22 gave a molecular ion peak [M]+ at m/z 202.2, which 
indicated a molecular formula of C15H22.  Five degrees of unsaturation were calculated for 
compound CH-23.   
The 1H NMR, 13C NMR, DEPT and HSQCDEPT spectra of compound CH-23 showed four 
methyl proton resonances, typical of a bisabolene sesquiterpenes, two methylene and six 
methine carbon resonances in addition to three fully substituted carbon resonances.  The 13C 
NMR spectrum gave fifteen carbon resonances which included six in the aromatic region at δC 
127.1 (CH, C-1), δC 129.2 (CH, C-2), δC 135.4 (C, C-3), δC 129.2 (CH, C-4), δC 127.1 (CH, C-
5) and δC 144.9 (C, C-6).  The 13C NMR spectrum also displayed two olefinic carbon 
resonances at δC 124.8 (CH, C-10) and δC 131.6 (C, C-11).   
A search in the literature showed similar 13C NMR chemical shifts for compound CH-23 and 
those of (S)-curcumene, presented in Table 46.  (S)-Curcumene has previously been isolated 
from Curcuma aromatica salisb.217  The specific rotation for compound CH-23 was found to 
be [α]22
D
  -63.5 (c 0.89, CH2Cl2) and a value of [α]
25
D
  -39.8 (c 1.2, CHCl3) was found in 
literature.217   Compound CH-23 was therefore identified as the well-known (S)-curcumene, a 
bisabolene sesquiterpene. 
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Table 46: NMR data of compound CH-23: (S)-Curcumene compared against literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
CDCl3217 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1 127.1 CH 126.9 7.08 d, J = 4.0 
2 129.2 CH 128.9 7.09 d, J = 4.0 
3 135.4 C 135.1 - 
4 129.2 CH 128.9 7.09 d, J = 4.0 
5 127.1 CH 126.9 7.08 d, J = 4.0 
6 144.9 C 144.6 - 
7 39.2 CH 39.0 2.65 sextet, J = 7.0 
8α 38.7 CH2 38.5 1.56 m 
8β   1.56 m 
9α 26.4 CH2 26.2 1.87 m 
9β   1.87 m 
10 124.8 CH 124.6 5.09 m 
11 131.6 C 131.4 - 
12 17.9 CH3 17.7 1.52 s 
13 25.9 CH3 25.7 1.67 s 
14 22.7 CH3 22.5 1.23 d, J = 7.0 
15 21.2 CH3 20.9 2.32 s 
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4.2.22. Structural elucidation of compound CH-24: (-)-Caryophyllene oxide (Appendices 
514-524)  
Compound CH-24 was isolated as a yellow solid from both the dichloromethane and methanol 
extracts of the leaves of Croton haumanianus.  It was found to be the known (-)-caryophyllene 
oxide, isolated from various Croton plants including, Croton menyhartii,175 Croton flavens 
L,218 Croton ovalifolius219 and Croton mubango. 
 
Figure 71: The structure of compound CH-24: (-)-Caryophyllene oxide. 
The LREIMS for compound CH-24 gave a molecular ion peak [M]+ at m/z 220.2, indicating a 
C15H24O molecular formula with four degrees of unsaturation.  The FTIR spectrum showed the 
presence of absorption bands at 2927 cm-1 and 2858 cm-1 for C-H aliphatic stretches, and 
absorption bands at 1631 cm-1 and 841 cm-1 attributable to an exocyclic double bond stretch. 
The 1H and 13C NMR spectral data for compound CH-24 were found to be the same as those 
of compound CM-19 previously isolated from Croton mubango.  The structural determination 
of this compound was therefore done in the same manner as for compound CM-19 (Chapter 
3).  The specific rotation for compound CH-24 was determined to be [α]22
D
  -19.7 (c 0.50, 
CH2Cl2).  
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Table 47: NMR data of compound CH-24: (-)-Caryophyllene oxide compared against literature reference 
value. 
No. 
13C NMR (125 MHz) in 
CDCl3 
13C NMR (75 MHz) in 
CDCl3177 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
1 50.9 CH 51.0 1.75 t, J = 10.0 
2α 27.4 CH2 27.6 1.63 m 
2β   0.95 m 
3α 39.2 CH2 39.7 2.05 m 
3β   0.92 m 
4 60.0 C 59.9 - 
5 63.9 CH 63.4 2.86 dd, J = 4.2, 10.5 
6α 30.4 CH2 30.8 2.25 m 
6β   1.30 m 
7α 30.0 CH2 30.2 2.33 m 
7β   2.09 m 
8 152.0 C 152.4 - 
9 48.9 CH 49.0 2.62 dd, J = 9.2, 18.5 
10α 39.9 CH2 40.0 1.64 m 
10β   1.64 m 
11 34.2 C 34.1 - 
12 30.1 CH3 29.9 0.98 s 
13 21.8 CH3 21.8 1.00 s 
14 17.2 CH3 17.4 1.19 s 
15α 112.9 CH2 113.0 4.96 brs W1/2 = 3.5 
15β   4.85 brs W1/2 = 3.5 
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4.2.23. Structural elucidation of compound CH-25: 7β-Hydroxystigmast-4-en-3-one 
(Appendices 525-536)  
Compound CH-25 was isolated as a white gum from the dichloromethane extract of the leaves 
of Croton haumanianus.  Compound CH-25 was identified as the known 7β-hydroxystigmast-
4-en-3-one, first isolated by Carcache-Blanco et al. in 2006 from Arbutus unedo.220 
 
Figure 72: The structure of compound CH-25: 7β-Hydroxystigmast-4-en-3-one. 
The LREIMS spectrum for compound CH-25 gave a molecular ion peak [M]+ at m/z 428, which 
indicated a C29H48O2 molecular formula with six degrees of unsaturation.  The FTIR spectrum 
showed absorption bands at 3422 cm-1 for an O-H stretch, 3054 cm-1 and 1664 cm-1 for C-H 
stretches of a double bond, 2937 cm-1 and 2871 cm-1 for C-H aliphatic stretches, and the 
presence of an absorption band at 1734 cm-1 for a carbonyl stretch.153 
The 1H NMR spectrum for compound CH-25 showed the characteristic resonances for six 
methyl groups at δH 0.68 (s, 3H-18), δH 0.80 (s, 3H-19), δH 1.19 (m, 3H-21), δH 0.82 (d, J = 6.5 
Hz, 3H-26), δH 0.91 (d, J = 6.5 Hz, 3H-27) and δH 0.84 (dd, J = 1.3 Hz, 8.0 Hz, 3H-29).  In 
addition, the 1H NMR spectrum also showed one olefinic proton resonance at δH 5.69 (s, H-4) 
and one oxymethine proton resonance at δH 3.67 (m, H-7). 
The 13C NMR data of compound CH-25 were compared with those reported for 7β-
hydroxystigmast-4-en-3-one and were found to be identical.220  Therefore, compound CH-25 
was determined to be the known 7β-hydroxystigmast-4-en-3-one.  The specific rotation for 
compound CH-25 was measured to be [α]22
D
  -43.0 (c 1.00, CH2Cl2), whereas a value of [α]
25
 D
 -
6.0 (c 1.0, CH3OH) was reported in the literature.
220 
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Table 48: NMR data of compound CH-25: 7β-Hydroxystigmast-4-en-3-one compared against literature 
reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (270 MHz) in 
CDCl3220 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 38.9 CH2 38.9 2.02 m 
1β   1.11 m 
2α 31.4 CH2 31.2 1.92 m 
2β   1.60 m 
3 202.6 C 204.2 - 
4 126.3 CH 126.3 5.69 s 
5 165.4 C 165.3 - 
6α 36.5 CH2 36.5 1.92 m 
6β   1.17 m 
7 70.7 CH 70.7 3.67 m 
8 29.3 CH 28.9 1.67 m 
9 50.2 CH 50.1 1.32 m 
10 38.5 C 36.3 - 
11α 21.4 CH2 21.4 1.55 m 
11β   1.55 m 
12α 42.0 CH2 42.0 2.49 m 
12β   2.39 m 
13 45.6 C 45.6 - 
14 50.1 CH 50.1 1.48 m 
15α 26.3 CH2 26.2 1.15 m 
15β   1.15 m 
16α 28.8 CH2 28.1 1.88 m 
16β   1.25 m 
17 54.9 CH 54.9 1.08 m 
18 12.2 CH3 12.5 0.68 s 
19 19.2 CH3 19.2 0.80 s 
20 36.3 CH 34.1 1.34 m 
21 17.5 CH3 17.5 1.19 m 
22α 34.1 CH2 32.0 1.33 m 
22β   1.01 m 
23α 26.5 CH2 26.5 2.40 m 
23β   2.40 m 
24 46.0 CH 46.0 0.91 d J = 6.5 
25 27.2 CH 28.7 1.77 m 
26 20.0 CH3 20.0 0.82 d J = 6.5 
27 19.1 CH3 19.0 0.91 d J = 6.5 
28α 23.2 CH2 23.2 1.23 m 
28β   1.23 m 
29 12.2 CH3 12.2 0.84 dd J = 1.3, 8.0 
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4.2.24. Structural elucidation of compound CH-26: 4-Hydroxy-3,5-
dimethoxybenzaldehyde (Appendices 537-542)  
Compound CH-26 was isolated as a yellow solid from the dichloromethane extract of the 
leaves of Croton haumanianus and was identified as the known 4-hydroxy-3,5-
dimethoxybenzaldehyde.  
 
Figure 73: The structure of compound CH-26: 4-Hydroxy-3,5-dimethoxybenzaldehyde. 
The LREIMS spectrum for compound CH-26 gave a molecular ion peak [M]+ at m/z 182.1.  
This gave a molecular formula of C9H10O4 with five degrees of unsaturation.  The FTIR 
spectrum showed absorption bands at 3425 cm-1 for an O-H stretch, 3057 cm-1 and 1682 cm-1 
for C-H stretches of double bonds, 2928 cm-1 and 2850 cm-1 for C-H aliphatic stretches, and 
the presence of absorption bands at 2725 cm-1 and 1721 cm-1 for the C-H and carbonyl stretches 
of an aldehyde.153 
The 1H NMR spectrum for compound CH-26 displayed the presence of an aromatic proton 
resonance at δH 7.15 (s) integrating for two hydrogens, H-2 and H-6, and a methoxy proton 
resonance that occurred at δH 3.97 (6H, s) for proton of the two methoxy groups, indicating a 
symmetrical molecule.  The 1H NMR spectrum further showed the presence of an additional 
resonance of an aldehyde group at δH 9.82 (s, H-7).  This was found to correlate with a carbon 
resonance at δC 191.0 (CH) in the HSQCDEPT spectrum. 
The 13C NMR spectrum showed six carbon resonances, and the NMR chemical shifts were 
found to be comparable to those reported by Kim et al. (2003).  Compound CH-26 was found 
to be the known 4-hydroxy-3,5-dimethoxybenzaldehyde, commonly referred to as 
syringaldehyde.221   
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Table 49: NMR data of compound CH-26: 4-Hydroxy-3,5-dimethoxybenzaldehyde compared against 
literature reference value. 
No. 
13C NMR (100 
MHz) in CDCl3 
13C NMR (100 
MHz) in acetone-d6 
221
 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
acetone-d6 221 
1 128.6 C 129.0 - - 
2 106.9 CH 107.7 7.15 s 7.21 s 
3 147.6 C 148.9 - - 
4 141.0 C 142.9 - - 
5 147.6 C 148.9 - - 
6 106.9 CH 107.7 7.15 s 7.21 s 
7 191.0 CH 191.1 9.82 s 9.81 s 
3-OCH3 56.7 OCH3 56.6 3.97 s 3.90 s 
5-OCH3 56.7 OCH3 56.6 3.97 s 3.90 s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4. The Chemistry of Croton haumanianus 
187 
 
 
4.2.25. Structural elucidation of compound CH-27: Phaeophytin-b (Appendices 543-554)  
Compound CH-27 was isolated as a dark green solid from the dichloromethane extract of the 
leaves of Croton haumanianus.  This was determined to be the known phaeophytin-b, 
previously isolated from lettuce,222 Xanthium pensylvanicum and many other sources.223 
 
Figure 74: The structure of compound CH-27: Phaeophytin-b. 
The FTIR spectrum showed absorption bands at 3398 cm-1 and 1621 cm-1 for N-H stretches of 
an amine, 2926 cm-1 and 2851 cm-1 for C-H aliphatic stretches, and the presence of absorption 
bands at 1738 cm-1 and 1705 cm-1 for carbonyl stretches.153 
The 1H NMR chemical shifts were characteristic resonances for the pophyrin system, belonging 
to the phaeophytin class as was observed for compound CM-20, that was earlier isolated from 
Croton mubango.  However, the 1H NMR and 13C NMR spectra of compound CH-27 showed 
the presence of an aldehyde group with resonances at δH 11.02 (s, H-71) and δC 187.8 (CH, C-
71) that were assigned using the HSQCDEPT and the HMBC spectra and are given in Table 
50.  
 The 1H NMR spectrum for compound CH-27 showed downfield vinyl group proton 
resonances at δH 7.97 (dd, J = 11.5 Hz, 17.5 Hz, H-31), δH 6.37 (dd, J = 1.3 Hz, 17.5 Hz, H-
32α), and δH 6.22 (dd, J = 1.3 Hz, 11.5 Hz, H-32β), four tertiary methyl group proton resonances 
at δH 3.37 (s, 3H-21), δH 1.76 (t, J = 7.8 Hz, 3H-82), δH 3.64 (s, 3H-121) and δH 1.83 (d, J = 7.8 
Hz, 3H-181).  The 1H NMR spectrum also showed a methoxy group proton resonance at δH 
3.92 (s, 3H-134).  The 13C NMR spectrum showed the presence of fifty-five carbon resonances 
including those of the phytyl moiety.  A comparison of the chemical shifts of the 1H NMR and 
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the 13C NMR of compound CH-27 and the partially assigned 13C NMR chemical shifts that 
were reported by Sobolev et al.222 confirmed that compound CH-27 was the known 
phaeophytin-b.   
Table 50: Correlation table for NMR data of compound CH-27: Phaeophytin-b. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 143.7 C - - - - 
2 132.4 C - - - - 
21 12.3 CH3 3.37 s 1, 2, 3 - 31, 32α, 20 
3 137.9 C - - - - 
31 128.8 CH 
7.97 dd, J = 11.5, 
17.5 
2, 3, 32, 4 32α, 32β 
21, 32α, 32β, 
5, 132 
32α 123.7 CH2 
6.37 dd, J = 1.3, 
17.5 
3, 31 31, 32β 
21, 31, 32β, 
5 
32β  
6.22 dd, J = 1.3, 
11.5 
3, 31 31, 32α 31, 32α 
4 137.3 C - - - - 
5 101.7 CH 10.23 s 3, 4, 7 - 
31, 32α, 32β, 
71, 10 
6 151.3 C - - - - 
7 132.9 C - - - - 
71 187.8 CH 11.02 s 6, 7, 8 - 
5, 81α, 81β, 
82,134 
8 159.5 C - - - - 
81α 19.2 CH2 3.89 q, J = 7.8 7, 8, 82, 9 81β, 82 71, 82, 10 
81β  3.89 q, J = 7.8 7, 8, 82, 9 81α, 82 71, 82, 10 
82 19.6 CH3 1.76 t, J = 7.8 8, 81 81α, 81β 
71, 81α, 81β, 
10, 134 
9 147.2 C - - - - 
10 107.1 CH 9.48 s 8, 11, 12 - 
5, 81α, 81β, 
82, 121, 134 
11 138.1 C - - - - 
12 132.6 C - - - - 
121 12.4 CH3 3.64 s 11, 12, 13 - 10 
13 137.3 C - - - - 
131 189.7 C - - - - 
132 64.8 CH 6.24 s 
13, 131, 133, 14, 15, 
16 
- 31 
133 169.5 C - - - - 
134 53.2 OCH3 3.92 s 133 - 71, 82, 10 
14 150.9 C - - - - 
15 105.1 C - - - - 
16 169.5 C - - - - 
17 51.6 CH 4.20 m 171, 172, 181, 19 171α, 171β 
171α, 171β, 
181 
171α 29.9 CH2 2.64 m 16, 17, 172, 173, 18 17, 171β, 172α, 172β 
17, 171β, 
172β, 
171β  2.32 m 17, 172, 173, 18 17, 171α, 172α, 172β 
17, 171α, 
172α, 18 
172α 31.5 CH2 2.50 m 17, 171, 173 171α, 171β, 172β 171β 
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172β  2.27 m 17, 171, 173 171α, 171β, 172α 
17, 171α, 
171β, 172α, 
18 
173 173.0 C - - - - 
18 50.3 CH 4.45 m 16, 17, 171, 181, 19 181 
181, 171β, 
172β, 20 
181 23.3 CH3 1.83 d, J = 7.8 17, 18, 19 18 
P1α, P1β, 
17, 18, 20 
19 174.2 C - - - - 
20 93.5 CH 8.53 s 1, 2, 18 - 21, 181, 18 
P1α 61.8 CH2 4.46 m P2, P3, 173 P1β, P2, P20 181 
P1β  4.46 m P2, P3, 173 P1α, P2, P20 181 
P2 117.9 CH 5.16 t, J = 7.8 P4, P20 P1α, P1β, P20  
P3 143.2 C - - - - 
P4α 40.0 CH2 1.88 m P2, P3, P20 P4β, P5α, P5β  
P4β  1.88 m P2, P3, P20 P4α, P5α, P5β  
P5α 25.2 CH2  
 
 
 
 
 
 
 
 
 
1.00 -1.30 m 
 
   
P5β     
P6α 36.8 CH2    
P6β     
P7 33.0 CH    
P8α 37.6 CH2    
P8β     
P9α 24.6 CH2    
P9β     
P10α 37.5 CH2    
P10β     
P11 32.8 CH    
P12α 37.5 CH2    
P12β     
P13α 25.0 CH2    
P13β     
P14α 39.6 CH2    
P14β     
P15 28.2 CH 1.50 sep J = 6.6 P13, P14, P16, P17 
P14α, P14β, P16, 
P17 
 
P16 22.8 CH3 0.85 d, J = 6.6 P14, P15, P17 P15, P17  
P17 22.9 CH3 0.85 d, J = 6.6 P14, P15, P16 P15, P16  
P18 19.9 CH3 0.79 d, J = 6.6 P10, P11, P12 P11  
P19 19.9 CH3 0.80 d, J = 6.6 P6, P7, P8 P7  
P20 16.5 CH3 1.58 s P2, P3, P4 P1α, P1β, P2  
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4.2.26. Structural elucidation of compound CH-28: Crotocorylifuran (Appendices 555-
565)  
Compound CH-28 was isolated as a yellow solid from the dichloromethane extract of the stem 
bark of Croton haumanianus.  This compound was identified as the known crotocorylifuran, 
previously isolated from Croton haumanianus,55 Croton megalocarpoides215 and Croton 
zambesicus.224  
 
Figure 75: The structure of compound CH-28: Crotocorylifuran. 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-28 gave a 
molecular ion peak [M]+ at m/z 402.1, consistent with a C22H26O7 molecular formula.  Ten 
degrees of unsaturation were calculated for compound CH-28.  The FTIR spectrum showed 
absorption bands at 3053 cm-1 for =C-H stretch, and at 2953 cm-1 and 2875 cm-1 for C-H 
aliphatic stretches, and absorption bands at 1766 cm-1 and 1715 cm-1 for an ester carbonyl group 
stretches.153 
The 1H NMR spectrum showed three double bond proton resonances that are characteristic of 
a β-substituted furan ring that occurred at δH 6.39 (brs, W1/2 = 4.2 Hz, H-14), δH 7.42 (dd, J = 
1.8 Hz, 5.3 Hz, H-15) and δH 7.44 (m, H-16),55 and a tri-substituted alkene double bond proton 
resonance at δH 6.83 (t, J = 3.6 Hz, H-3).  In addition, the 1H NMR spectrum also showed the 
presence of a doublet methyl group proton resonance at δH 1.01 (d, J = 6.5 Hz, 3H-17), and two 
ester methyl group proton resonances at δH 3.74 (s) and δH 3.69 (s) alongside an oxymethine 
proton resonance at δH 5.38 (dd, J = 8.7 Hz, 8.7 Hz, H-12). 
The 13C NMR, DEPT and HSQCDEPT spectral data indicated twenty-two carbon resonances 
for compound CH-28 with three methyl carbon (CH3), five methylene carbon (CH2), seven 
methine carbon (CH), and seven fully substituted carbon (C) resonances.  The carbon 
resonances at δC 125.6 (C, C-13), δC 108.3 (CH, C-14), δC 144.3 (CH, C-15) and δC 139.6 (CH, 
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C-16) were assigned to the four sp2 carbons of a β-substituted furan ring and carbon resonances 
at δC 136.6 (C, C-4) and δC 140.2 (CH, C-3) were assigned to two sp2 carbons of a tri-
substituted double bond.  In addition, the 13C NMR spectrum displayed the presence of three 
carbonyl carbons at δC 167.0 (C, C-18), δC 173.1 (C, C-19) and δC 176.4 (C, C-20), and an 
oxymethine carbon resonance at δC 72.0 (CH, C-12). 
Compound CH-28 was identified as the known crotocorylifuran.215  A search in the literature 
showed that 13C NMR chemical shifts are in agreement to those of compound CH-28 had been 
reported for crotocorylifuran,215 which has been reported previously from three Croton plants, 
Croton haumanianus,55 Croton megalocarpoides215 and Croton zambesicus.224  A specific 
rotation value of [α]19
D
  -44.9 (c 0.65, CH2Cl2) was determined for compound CH-28 whereas 
those of the known crotocorylifuran are [α]20
D
 -164 (c 1.00, CHCl3)
55 and [α]D  -10.8 (c 0.00059, 
CHCl3).
215 
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Table 51: NMR data of compound CH-28: Crotocorylifuran compared against literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
CDCl3215 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 19.3 CH2 19.2 2.61 m 
1β   1.90 m 
2α 26.5 CH2 26.5 2.52 m 
2β   2.38 m 
3 140.2 CH 140.3 6.83 t J = 3.6 
4 136.6 C 136.5 - 
5 46.4 C 46.3 - 
6α 32.4 CH2 32.3 2.93dt J =3.6, 13.0 
6β   1.08 m 
7α 28.1 CH2 28.0 2.44 m 
7β   1.56 m 
8 40.3 CH 40.2 1.58 m 
9 51.5 C 51.4 - 
10 51.9 CH 52.0 1.72 d J = 2.3 
11α 42.5 CH2 42.5 2.41 m 
11β   2.41 m 
12 72.0 CH 72.0 5.38 dd J = 8.7, 8.7 
13 125.6 C 125.6 - 
14 108.3 CH 108.3 6.39 brs W1/2 = 4.2 
15 144.3 CH 144.3 7.42 dd J = 1.8, 5.3 
16 139.6 CH 139.6 7.44 m 
17 17.2 CH3 17.2 1.01 d J = 6.5 
18 167.0 C 167.0 - 
19 173.1 C 173.1 - 
20 176.4 C 176.4 - 
21 52.0 OCH3 51.8 3.74 s 
22 51.8 OCH3 51.8 3.69 s 
 
 
 
 4. The Chemistry of Croton haumanianus 
193 
 
 
4.2.27. Structural elucidation of compound CH-29: Ent-isopimara-8(14),15-dien-18-al 
(Appendices 566-576)  
Compound CH-29 was isolated as a white solid from the dichloromethane extract of the stem 
bark of Croton haumanianus.  This compound was identified as a previously undescribed 
isopimarane diterpenoid, ent-isopimara-8(14),15-dien-18-al. 
        
Figure 76: The structure of compound CH-29: Ent-isopimara-8(14),15-dien-18-al (showing correlations 
seen in the NOESY spectrum). 
The HRESIMS for compound CH-29 gave a [M+H]+ peak at m/z 287.2377, consistent with a 
C20H30O molecular formula and six degrees of unsaturation.  The FTIR spectrum showed 
absorption bands at 2929 cm-1 and 2856 cm-1 for C-H aliphatic stretches and 1723 cm-1 for the 
C=O stretch of an aldehyde.153    
The 1H NMR spectrum of compound CH-29 showed characteristic resonances for an aldehyde  
at δH 9.22 (s, H-18), an alkene proton resonance at δH 5.30 (brs, W1/2 = 11.5 Hz, H-14), vinyl 
group proton resonances at δH 5.81 (dd, J = 10.5 Hz, 17.5 Hz, H-15), δH 4.95 (dd, J = 1.3 Hz, 
17.5 Hz, H-16 trans) and δH 4.88 (dd, J = 1.3 Hz, 10.5 Hz, H-16 cis), typically evident of the 
AMX system of a pimarane or isopimarane class of diterpenoid.144  Three tertiary methyl group 
proton resonances occurred at δH 0.87 (s, 3H-17), δH 1.15 (s, 3H-19) and δH 0.92 (s, 3H-20). 
The 13C NMR spectrum displayed 20 carbon resonances.  The DEPT and HSQCDEPT spectra 
showed that compound CH-29 possessed three methyl carbon resonances (CH3), eight 
methylene carbon resonances (CH2), five methine carbon resonances (CH) and, therefore, four 
fully substituted carbons (C).  The aldehyde carbon group resonance was observed at δC 206.6, 
and double bond carbon resonances were observed at δC 136.1 (C, C-8) and δC 120.9 (CH, C-
14).  The spectroscopic data of compound CH-29 were very similar to those reported for ent-
3β,12β-dihydroxy-8(14),15-isopimaradien-18-al, differing in the absence of two oxymethines, 
and therefore, belonged to the isopimarane class of diterpenoids.225 
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From the HMBC spectrum, the aldehyde was shown to occur at C-18 due to correlations 
observed in the HMBC spectrum between the H-18 (δH 9.22) and carbon resonances at δC 33.0 
(CH2, C-3), δC 49.2 (C, C-4), δC 42.7 (CH, C-5) and δC 15.1 (CH3, C-19) as shown in Table 52.  
Similarly, the Δ8(14) double bond was assigned due to the observed correlations between the H-
14 resonance (δH 5.30, brs, W1/2 = 11.5 Hz) and carbon resonances at δC 25.2 (CH2, C-7), δC 
51.9 (CH, C-9) and δC 46.3 (CH2, C-12).  Additionally, the vinyl group was placed at C-13 due 
to correlations seen in the HMBC spectrum between the H-15 resonance (δH 5.81) and 
resonances at δC 120.9 (CH, C-14), and δC 21.7 (CH3, C-17), and also between the two H-16 
and C-13 and C-15 resonances, as expected for pimarane/isopimarane diterpenoids.  
This information confirmed that an 18-aldehyde and 8(14)-double bond were present in a 
pimarane/isopimarane diterpenoid.  The relative configuration of compound CH-29 was 
assigned using the NOESY spectrum.  The NOESY spectrum showed correlations between 
3H-20, 3H-19 and 3H-17 resonances showing they were on the same face of the molecule and 
confirming an isopimarane class of diterpenoid.144  The NOESY spectrum also showed 
correlations between the H-18, H-9 and H-5 resonances, therefore, they were on the other face 
of the molecule, thereby establishing the β-configuration of the aldehyde group. 
A specific rotation value of [α]19
D
  -32.6 (c 1.00, CH2Cl2), was determined for compound CH-
29. The negative sign of the specific rotation indicated that compound CH-29 belonged to ent-
isopimarane series and the structure was therefore determined to be a previously undescribed 
ent-isopimara-8(14),15-dien-18-al.  
 
 
Figure 77: 3D structures showing the ent- (left) and normal (right) for compound CH-29.  
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Table 52: NMR data of compound CH-29: Ent-isopimara-8(14),15-dien-18-al. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 39.1 CH2 1.90 m 2, 3, 5, 9, 10, 20 1α, 2α, 2β 1β, 17, 20 
1β  1.09 m 2, 3, 9, 20 1β, 2α, 2β 1α, 9 
2α 36.3 CH2 1.49 m  1α, 1β, 2β, 3α, 3β 2β 
2β  1.38 m 1, 4 1α, 1β, 2α, 3α, 3β 2α, 6β, 18 
3α 33.0 CH2 1.43 m 19 2α, 2β, 3β 7α, 19 
3β  1.33 m 1, 2, 4, 5, 18, 19 2α, 2β, 3α 5, 9 
4 49.2 C - - - - 
5 42.7 CH 1.68 dd J = 3.6, 7.8 
3, 4, 6, 7, 9, 10, 18, 19, 
20 6α, 6β 3β, 9, 18 
6α 20.4 CH2 1.60 m 4, 7, 8, 10 5, 6β, 7α, 7β 20 
6β  1.38 m 4, 10 5, 6α, 7α, 7β 2β, 18 
7α 25.2 CH2 1.96 m 5, 8, 9, 14 6α, 6β, 7β, 14 3α, 14, 17 
7β  1.45 m 6, 8, 9, 14 6α, 6β, 7α, 14 9, 14 
8 136.1 C - - - - 
9 51.9 CH 1.75 m  11α, 11β 1β, 3β, 5, 7β 
10 34.6 C - - - - 
11α 17.4 CH2 1.60 m 8, 9, 10, 13 9, 11β, 12α, 12β 20 
11β   8, 9, 10, 13 9, 11α, 12α, 12β 20 
12α 46.3 CH2 1.97 m 14 11α, 11β, 12β 14, 17 
12β  1.91 m 9, 11, 13, 14, 17 11α, 11β, 12α 14, 15 
13 37.1 C - - - - 
14 120.9 CH 5.30 brs W1/2 = 11.5 
7, 9, 12 7α, 7β 
7α, 7β, 12α, 
12β 
15 150.4 CH 
5.81 dd J = 10.5, 
17.5 
12, 13, 14, 17 16α, 16β 
12β, 16A, 
16B, 17 
16A 109.6 CH2 4.95 dd J = 1.3, 17.5 13, 15 15, 16B 15 
16B  4.88 dd J = 1.3, 10.5 13, 15 15, 16A 15 
17 21.7 CH3 0.87 s 12, 13, 15 - 
1α, 7α, 12α, 
15, 20 
18 206.6 CH 9.22 s 3, 4, 5, 19 - 2β, 5, 6β 
19 15.1 CH3 1.15 s 3, 4, 5, 18 - 3α, 20 
20 15.7 CH3 0.92 s 1, 5, 9, 10 - 
1α, 6α, 17, 
19 
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4.2.28. Structural elucidation of compound CH-30: Ent-18-hydroxyisopimara-8(14),15-
dien-7-one (Appendices 578-588)  
Compound CH-30 was isolated as a white solid from the dichloromethane extract of the stem 
bark of Croton haumanianus.  This compound was identified as the ent isomer of the known 
18-hydroxysandaracopimaradien-7-one, previously isolated from Juniperus brevifolia.226  
  
    
Figure 78: The structure of compound CH-30: Ent-18-hydroxyisopimara-8(14),15-dien-7-one (showing 
correlations seen in the NOESY spectrum). 
The HRESIMS for compound CH-30 gave a [M+H]+ peak at m/z 303.2323, consistent with a 
C20H30O2 molecular formula requiring six degrees of unsaturation for this compound.  This 
molecular formula indicated one more oxygen atom than in compound CH-29.  The FTIR 
spectrum showed broad absorption bands for an O-H stretch at 3418 cm-1, stretches at 2919 
cm-1 and 2850 cm-1 for C-H aliphatic stretches and band at 1674 cm-1 for an α,β-unsaturated 
carbonyl stretch.153 
A comparison of the 1H, 13C and DEPT NMR spectral data of compound CH-30 showed 
similarities to those of compound CH-29 except the presence of a carbonyl group that occurred 
at δC 200.5 in compound CH-30 and also C-18 was present as an oxymethylene group with 
resonances at δH 3.34 (d, J = 10.5 Hz) and δH 3.12 (d, J = 10.5 Hz) showing that aldehyde group 
in compound CH-29 had being reduced to a primary alcohol group in compound CH-30.  This 
was confirmed by the correlations seen in the HMBC spectrum between the C-18 (CH2, δC 
71.3) resonance and the proton resonances that occurred at δH 1.88 (dd, J = 5.2 Hz, 13.5 Hz, H-
5), and δH 0.85 (s, 3H-19).  Similarly, the α,β-unsaturated carbonyl group was assigned to C-7, 
due to correlations observed in the HMBC spectrum between the C-7 resonance at δC 200.5 
(C) with proton resonances at  δH 6.73 (brs, W1/2 = 5.5 Hz, H-14) and δH 1.88 (dd, J = 5.2 Hz, 
13.5 Hz, H-5). 
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This specific rotation value for compound CH-30 was [α]19
D
  -61.8 (c 0.11, CH2Cl2).  The 
NOESY spectrum showed that the configurations at the chiral centres of compound CH-30 
were the same as those of compound CH-29.  The negative value of the specific rotation 
confirmed that compound CH-30 belonged to the ent-series of isopimarane diterpenoids.  Thus, 
compound CH-30 was determined to be ent-18-hydroxyisopimara-8(14),15-dien-7-one and its 
the structure was determined as shown in Figure 78.  A search in the literature showed that the 
13C NMR chemical shifts similar to those of compound CH-30 had been reported for 18-
hydroxy-sandaracopimaradien-7-one from the leaves of Juniperus brevifolia.226  The authors 
did not report a specific rotation measurement nor any reason why their structure was assigned 
as belonging to the normal series as opposed to the ent-isopimarane series. 
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Table 53: NMR data of compound CH-30: Ent-18-hydroxyisopimara-8(14),15-dien-7-one compared 
against literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (75 MHz) in 
CDCl3226 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 38.6 CH2 38.3 1.77 m 
1β   1.09 m 
2α 18.2 CH2 18.0 1.60 m 
2β   1.48 m 
3α 35.4 CH2 35.1 1.38 m 
3β   1.35 m 
4 36.0 C 35.7 - 
5 43.2 CH 42.7 1.88 dd J = 5.2, 13.5 
6α 37.3 CH2 37.0 2.50 d J = 5.2 
6β   2.27 d J = 5.2 
7 200.5 C 200.7 - 
8 135.5 C 135.2 - 
9 51.2 CH 50.9 2.11 m 
10 37.9 C 37.6 - 
11α 19.2 CH2 18.9 1.75 m 
11β   1.40 m 
12α 34.3 CH2 33.9 1.62 m 
12β   1.52 m 
13 38.9 C 38.6 - 
14 144.6 CH 144.5 6.73 brs W1/2 = 5.5 
15 146.6 CH 146.3 5.81 dd J = 10.5, 17.5 
16A 112.0 CH2 111.8 5.02 dd J = 1.3, 17.5 
16B   4.96 dd J = 1.3, 10.5 
17 26.0 CH3 25.8 1.11 s 
18A 71.3 CH2 70.8 3.34 d J = 10.5 
18B   3.12 d J = 10.5 
19 17.3 CH3 17.1 0.85 s 
20 14.6 CH3 14.4 0.87 s 
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4.2.29. Structural elucidation of compound CH-31: Ent-isopimara-7,15-dien-18-oic acid 
(Appendices 589-599)  
Compound CH-31 was isolated as a yellow solid from the dichloromethane extract of the stem 
bark of Croton haumanianus and was identified as a new ent-enantiomer of the known 
isopimaric acid (pimara-7,15-dien-18-oic acid) previously isolated from Platycladus orientalis, 
213 Torreya nucifera 227 and Croton oblongifolius.228 
   
Figure 79: The structure of compound CH-31: Ent-isopimara-7,15-dien-18-oic acid (showing correlations 
seen in the NOESY spectrum). 
The HRESIMS for compound CH-31 gave a [M+H]+ peak at m/z 303.2328, consistent with a 
C20H30O2 molecular formula for this compound.  Six degrees of unsaturation were determined 
for compound CH-31.  The FTIR spectrum exhibited absorption bands at 3055 cm-1 for =C-H 
stretch and at 1697 cm-1 which was attributable a carbonyl stretch.153 
Also, as for compound CH-29, the 1H NMR spectrum of compound CH-31 showed a 
diterpenoid skeleton of an isopimarane.  The 1H NMR spectrum of compound CH-31 displayed 
three methyl singlet proton resonances at δH 0.86 (s, 3H-17), δH 1.25 (s, 3H-19) and δH 0.90 (s, 
3H-20).  A broad singlet at δH 5.32 (brs, W1/2 = 13.0 Hz, H-7), attributed to the olefinic proton 
of a tri-substituted double bond, was also observed.  Other olefinic protons exhibited a 
characteristic AMX pattern of a Δ15 double bond of an isopimarane diterpenoid.  The H-15 
proton appeared as a double doublet at δH 5.80 (dd, J = 10.5 Hz, 17.5 Hz), exhibiting both cis 
and trans couplings.  A double doublet that occurred at δH 4.94 (dd, J = 1.3 Hz, 17.5 Hz) was 
assigned to the H-16 proton exhibiting both trans and geminal coupling.  The third proton of 
the AMX system occurring at δH 4.87 (dd, J = 1.3 Hz, 10.5 Hz) was assigned to the other H-
16, which showed vicinal and germinal couplings.   
The 13C NMR spectrum displayed the presence of 20 carbon resonances.  The DEPT and 
HSQCDEPT spectra showed that compound CH-31 possessed three methyl carbon resonances 
(CH3), eight methylene carbon resonances (CH2), and four methine carbon resonances (CH).  
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The remaining five fully substituted carbons (C) signals resonated at δC 46.5 (C-4), δC 135.8 
(C-8), δC 35.2 (C-10) and δC 183.3 (C-18) in the 13C NMR spectrum.  The resonances at δC 
109.5 could be ascribed to C-16 whereas resonances at δC 150.4, δC 135.8 and δC 185.8 were 
attributed to C-15, C-8 and carboxilyc acid carbon C-18 respectively.  All other 1H and 13C 
NMR chemical shifts could be assigned using HSQCDEPT and HMBC spectra as given in 
Table 54. 
A comparison of the spectroscopic data of compound CH-31 with those found in literature227 
confirmed that compound CH-31 was an enantiomer of the known isopimaric acid.  The 
NOESY spectrum was used to confirm the relative configuration of the compound.  The 3H-
20 (δH 0.90, s), 3H-19 (δH 1.25, s) and 3H-17 (δH 0.86, s) resonances were found to be on the 
same face of the molecule whereas resonances for H-5 (δH 1.95, brd, J = 17.5 Hz) and H-9 (δH 
1.75, m) were on the other face of the molecule, indicating an isopimarane class of 
diterpenoid.144  The specific rotation of compound CH-31 was determined to be [α]19
D
  -33.1 (c 
0.75, CH2Cl2) whereas values of [α]
20
D
 +60.0 (c 0.05, CHCl3)
229 and [α]20
D
 +76.6 (c 0.05, EtOH) 
230 were reported for the normal series in the literature.  Therefore, compound CH-31 was 
determined to be ent-isopimara-7,15-dien-18-oic acid. 
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Table 54: NMR data of compound CH-31: Ent-isopimara-7,15-dien-18-oic acid compared against 
literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (150 MHz) in 
CDCl3
227
 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 39.0 CH2 39.0 1.86 m 
1β   1.10 m 
2α 18.1 CH2 18.1 1.54 m 
2β   1.54 m 
3α 37.1 CH2 37.0 1.68 m 
3β   1.78 m 
4 46.5 C 46.3 - 
5 45.1 CH 45.2 *1.95 brd J = 17.5 
6α 25.3 CH2 25.4 *1.91 brd J = 17.5 
6β   1.68 m 
7 121.2 CH 121.2 5.32 brs W1/2 = 13.0 
8 135.8 C 135.9 - 
9 52.2 CH 52.2 1.75 m 
10 35.2 C 35.2 - 
11α 20.2 CH2 20.2 1.36 d J = 8.5 
11β   1.36 d J = 8.5 
12α 36.2 CH2 36.3 1.48 m 
12β   1.36 d J = 8.5 
13 37.0 C 37.2 - 
14α 46.2 CH2 46.5 *1.95 brd J = 17.5 
14β   *1.91 brd J = 17.5 
15 150.4 CH 150.5 5.80 dd J = 10.5, 17.5 
16A 109.5 CH2 109.5 4.94 dd J = 1.3,17.5 
16B   4.87 dd J = 1.3, 10.5 
17 21.7 CH3 21.7 0.86 s 
18 185.8 C 185.3 - 
19 17.3 CH3 17.3 1.25 s 
20 15.5 CH3 15.5 0.90 s 
*Overlapped proton resonances 
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4.2.30. Structural elucidation of compound CH-32: Methyl ent-isopimara-7,15-dien-18-
oate (Appendices 600-611)  
Compound CH-32, a colourless oil, was obtained by the methylation of compound CH-31 with 
potassium hydroxide in acetone and methyl iodide which yielded its methyl ester.  The 
methylation and subsequent purification of the mixture resulted in the isolation of compound 
CH-32, methyl ent-isopimara-7,15-dien-18-oate, a derivative of compound CH-31.  
 
Figure 80: The structure of compound CH-32: Methyl ent-isopimara-7,15-dien-18-oate (showing 
correlations seen in the NOESY spectrum). 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-32 gave a 
molecular ion peak [M]+ at m/z 316.2, supporting a C21H32O2 molecular formula, and six 
degrees of unsaturation.  The FTIR spectrum for compound CH-32 showed an absorption band 
at 1725 cm-1 that was attributable to a carbonyl stretch.  This absorption band shifted from 1697 
cm-1 in compound CH-31, of the carboxylic acid to 1725 cm-1 for the methyl ester stretch.153 
The 1H NMR spectrum of compound CH-32 showed the same proton resonances as compound 
CH-31 except for an extra methoxy proton singlet resonance that occurred at  δH 3.64 (s, 3H-
21) and the 13C NMR spectrum showed an extra carbon resonance at δC 52.1 (OCH3, C-21). 
The specific rotation for compound CH-32 was determined to be [α]19
D
  -40.4 (c 1.00, CH2Cl2).  
This compound, methyl ent-isopimara-7,15-dien-18-oate has not been described previously.  
However, Atta-Ur-Rahman et al.228 synthesized the normal isomer of compound CH-32, 
methyl isopimara-7,15-dien-18-oate with the specific rotation value of [α]25
D
  +30.2 (c 0.50, 
CHCl3) and 
13C NMR data is shown in Table 55.228 
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Table 55: NMR data of compound CH-32: Methyl ent-isopimara-7,15-dien-18-oate compared against 
literature reference value. 
No. 
13C NMR (125 
MHz) in CDCl3 
13C NMR (100 MHz) 
in CDCl3
 228
 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) 
1α 39.1 CH2 39.8 1.85 m 2, 3, 5, 10, 20 
1β   1.11 m 2, 3, 5, 9, 10, 20 
2α 18.2 CH2 19.4 1.53 m 1, 3, 4, 10 
2β   1.53 m  
3α 37.2 CH2 37.8 1.75 m 1, 2, 4, 5, 18, 19 
3β   1.59 m 1, 2, 4, 5, 18, 19 
4 46.8 C 44.3 - - 
5 45.5 CH 51.1 1.92 dd J = 3.4, 13.0 
3, 4, 5, 6, 7, 9, 10, 18, 
19, 20 
6α 25.4 CH2 23.9 1.98 m 5, 7, 8 
6β   1.54 m 4, 5, 8, 7, 10 
7 121.2 CH 121.3 5.31 brs W1/2 = 13.0 5, 6, 9 
8 135.8 C 133.8 - - 
9 52.2 CH 50.6 1.73 m 1, 5, 7, 8, 10, 11, 12, 20 
10 35.3 C 35.6 - - 
11α 20.2 CH2 20.2 1.54 m 8, 9, 10, 12, 13 
11β   1.35 m  
12α 36.2 CH2 36.0 1.47 m 9, 11, 13, 15, 17 
12β   1.34 m 9, 11, 13, 15, 17 
13 37.0 C 40.1 - - 
14α 46.3 CH2 46.6 1.97 m 7, 8, 9, 12, 13, 15, 17 
14β   1.89 m 7, 8, 9, 12, 13, 15, 17 
15 150.5 CH 152.1 5.80 dd J = 10.5,17.5 12, 13, 14, 17 
16A 109.5 CH2 110.0 4.92, dd J = 1.3,17.5 13, 15 
16B   4.87, dd J = 1.3,10.5 13, 15 
17 21.7 CH3 21.0 0.86 s 12, 13, 14, 15 
18 179.5 C 175.6 - - 
19 17.6 CH3 28.6 1.25 s 3, 4, 5, 18 
20 15.5 CH3 15.6 0.90 s 1, 5, 9, 10 
21 52.1 OCH3 55.3 3.64 s 18 
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4.2.31. Structural elucidation of compound CH-33: Ent-isopimara-7,15-dien-18-ol 
(Appendices 612-623)  
Compound CH-33 was isolated as a white solid from the dichloromethane extract of the stem 
bark of Croton haumanianus and was identified as the ent isomer of the known isopimaradienol 
previously isolated from Dacrydium kirkii.231 
     
Figure 81: The structure of compound CH-33: Ent-isopimara-7,15-dien-18-ol (showing correlations seen 
in the NOESY spectrum). 
The HRESIMS for compound CH-33 gave a [M-H]- peak at m/z 287.2374, consistent with a 
C20H32O molecular formula with five degrees of unsaturation for this compound.  The FTIR 
spectrum showed broad absorption bands for O-H stretch at 3418 cm-1,  and at 3081 cm-1, 2930 
cm-1 and 2870 cm-1 for C-H aliphatic stretches.153    
The 1H, 13C and DEPT NMR spectral data of compound CH-33 showed similarities with those 
of the known compound CH-31.  Instead of a carboxylic acid group at C-18, an oxymethylene 
group was present at this position.  This was confirmed by the presence of the two H-18 
resonances (δH 3.38 and δH 3.14 d, J = 10.5 Hz) in compound CH-33 whose corresponding 
carbon resonance was seen to occur at δC 72.5 (CH2) in the HSQCDEPT spectrum.  
Correlations were observed in the HMBC spectrum between the C-18 carbon resonance with 
the H-19 (δH 0.89, s), the two H-3 (δH 1.39, m and δH 0.35, m) and the H-5 (δH 0.38, m) 
resonances. 
The two H-18 resonances showed a correlation in the NOESY spectrum with the H-5 resonance 
as expected.  A specific rotation for compound CH-33 was measured to be [α]19
D
 -53.0 (c 1.00, 
CH2Cl2).  A search in the literature showed that 
13C NMR chemical shifts similar to those of 
compound CH-33 had been reported for isopimaradienol.232  As with compound CH-30, the 
authors did not report a specific rotation nor reason why they assigned the compound as the 
normal series.  Therefore, compound CH-33 was identified as ent-isopimara-7,15-dien-18-ol. 
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Table 56: NMR data of compound CH-33: Ent-isopimara-7,15-dien-18-ol. 
No. 
13C NMR (100 MHz) 
in CDCl3 
13C NMR (15.077 
MHz) in CDCl3
 232
 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) 
1α 39.6 CH2 39.6 1.81 m 2, 3 
1β   1.00 d J = 5.2 2, 3, 9, 10, 20 
2α 18.3 CH2 18.5 1.51 m 1, 3, 4, 10 
2β   1.51 m 1, 3, 4, 10 
3α 35.8 CH2 35.8 1.39 m 1, 2, 4, 18, 19 
3β   1.35 m 1, 2, 4, 5, 18, 19 
4 37.6 C 37.6 - - 
5 43.9 CH 43.7 1.38 m 
1, 3, 4, 5, 6, 7, 9, 
10, 18, 19, 20 
6α 23.5 CH2 23.5 1.90 m 4, 7, 8, 10 
6β   1.86 m 7, 8 
7 121.4 CH 121.5 5.33 dd J = 3.1, 5.3  
8 135.9 C 135.3 - - 
9 52.0 CH 52.0 1.69 m  
10 35.4 C 35.4 - - 
11α 20.4 CH2 20.5 1.55 m 8, 9, 10, 12, 13 
11β   1.35 m 10, 12, 13 
12α 36.4 CH2 36.5 1.46 m 9, 11, 13, 15 
12β   1.35 m 9, 11, 13, 15 
13 37.1 C 36.9 - - 
14α 46.4 CH2 46.4 1.94 brs W1/2= 13.0 7, 8, 9, 12, 13 
14β   1.90 m 7, 8, 9, 12, 13 
15 150.7 CH 150.0 5.80 dd J = 10.5, 17.5 12, 13, 14, 17 
16A 109.4 CH2 109.5 4.95 dd J = 1.3, 17.5 13, 15 
16B   4.86 dd J = 1.3, 10.5 13, 15 
17 21.7 CH3 21.9 0.87 s 12, 13, 15 
18A 72.5 CH2 71.9 3.38 dd J = 5.2, 10.5 3, 4, 5, 19 
18B   3.14 dd J = 4.2, 10.5 3, 4, 5, 19 
19 18.4 CH3 18.4 0.89 s 3, 4, 5, 18 
20 15.8 CH3 22.8 0.91 s 1, 5, 9, 10 
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4.2.32. Structural elucidation of compound CH-34: Ent-isopimara-8,15-dien-7-oxo-18-oic 
acid (Appendices 624-635)  
Compound CH-34 was isolated as a yellow solid from the dichloromethane extract of the stem 
bark of Croton haumanianus.  This compound was similar to (+)-7-oxo-13-epi-pimara-8,15-
dien-18-oic acid, previously reported from Thuja occidentalis,229 only differing in having the 
ent-isopimarane skeleton. 
 
Figure 82: The structure of compound CH-34: Ent-isopimara-8,15-dien-7-oxo-18-oic acid (showing 
correlations seen in the NOESY spectrum). 
The high resolution electronspray ionization mass spectrum (HRESIMS) for compound CH-
34 gave a [M-H]- peak at m/z 315.1983 indicating that the molecular formula for compound 
CH-34 was C20H28O3.  This molecular formula gave seven degrees of unsaturation. 
The FTIR spectrum exhibited absorption bands at 3418 cm-1 and 1715 cm-1 which were 
attributable to hydroxyl and carbonyl stretches respectively.  The FTIR spectrum also showed 
absorption bands at 1660 cm-1 and 1614 cm-1 assigned to an α,β-unsaturated carbonyl group 
and a C=C group respectively.153 
A detailed analysis of the 1H, 13C and DEPT NMR spectral data of compound CH-34 suggested 
that this compound belonged to the isopimarane class, as for compound CH-31, differing in 
having a ketone group carbon resonance at δC 199.4 (C, C-7) but lacking the H-7 olefinic proton 
resonance.  These spectral data are consistent with a Δ8,15-isopimaradiene skeleton with a C-18 
equatorial carboxyl and a keto group conjugated with a Δ8-unsaturation.233  This was confirmed 
by correlations observed in the HMBC spectrum between the C-18 carbon resonance with 3H-
19 (δH 0.89, s), two H-3’s (δH 1.39, m and δH 0.35, m) and H-5 (δH 0.38, m) resonances.  The 
keto group was located at C-7 due to correlations observed in the HMBC spectrum from the 
resonance at δC 199.4 (C, C-7) and the H-14β (δH 1.31, m), two H-6 (δH 2.33, m and δH 2.04, 
m) and H-5 (δH 2.49, dd, J = 3.3 Hz, 6.7 Hz) resonances.  The proposed location of deshielded 
carbon resonances of two quaternary sp2  carbons between (C-8 at δC 129.3 and C-9 at δC 165.7) 
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indicated conjugation of a tetra-substituted C=C double bond with the ketone group.233  This 
was consistent with HMBC correlations between the H-5 resonances (δH 2.49 m), the two H-
12 resonances (δH 2.48, m and δH 2.26, m) and the H-14α resonance (δH 1.58, m) with carbon 
resonance at δC 165.7 (C, C-9), and the two H-6 resonances (δH 2.33, m and δH 2.04, m) with 
δC 129.3 (C, C-8). 
The NOESY spectrum showed that the configurations at the chiral centres of compound CH-
34 were the same as those of compounds CH-29, CH-30, CH-31, CH-32 and CH-33.  The 
specific rotation for compound CH-34 was determined to be [α]19
D
  -46.0 (c 1.00, CH2Cl2) as for 
the ent series and opposed to the [α]20
D
 +72.0 (c 0.03, CHCl3)
229 and [α]20
D
 +77.6 (c 0.76, CHCl3) 
for normal series of diterpenoids.234  A search in the literature showed that compound CH-34 
has not been reported previously.  However, (+)-7-oxo-13-epi-pimara-8,15-dien-18-oic acid, a 
normal series isomer of compound CH-34, has previously been isolated from the leaves of 
Thuja occidentalis229 and Juniperus communis234 with no NMR data reported in the papers. 
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Table 57: NMR data of compound CH-34: Ent-isopimara-8,15-dien-7-oxo-18-oic acid. 
No. 
13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 34.8 CH2 1.84 m 2, 20 1β, 2α, 2β 
11α, 11β, 
19 
1β  1.31 m 3 1α, 2α, 2β 
5, 11α, 11β, 
14β 
2α 18.0 CH2 1.68 m 1, 4 
1α, 1β, 2β, 
3α, 3β 
2β, 3α 
2β  1.68 m 1, 4 
1α, 1β, 2α, 
3α, 3β 
2α, 3β, 5 
3α 36.3 CH2 1.81 m 1, 2 2α, 2β, 3β 2α 
3β  1.68 m 2 2α, 2β, 3α 2β, 5 
4 46.5 C - - - 1β, 14β 
5 44.7 CH *2.49 dd  J = 3.3, 6.7 3, 4, 7, 9, 10, 18, 19 6α, 6β 
1β, 2β, 3β, 
6β 
6α 33.6 CH2 2.33 m 5, 7, 8 5, 6β 17 
6β  2.04 m 7, 8 5, 6α 5 
7 199.4 C - - - - 
8 129.2 C - - - - 
9 165.7 C - - - - 
10 39.3 C - - - - 
11α 23.0 CH2 2.20 m 10 11β, 12α, 12β 1α, 12α 
11β  2.20 m 10 11α, 12α, 12β 
1α, 12α, 
14β 
12α 37.0 CH2 *2.48 dd  J = 3.3, 6.7 9, 11, 13 11α, 11β, 12β 
11α, 11β, 
12β, 17, 20 
12β  2.26 d  J = 6.7 9, 13, 15 11α, 11β, 12α 
12α, 16A, 
16B 
13 34.6 C - - - - 
14α 33.8 CH2 1.58 m 9 14β 15, 17 
14β  1.31 m 7, 15 14α 11β 
15 145.2 CH 5.69 dd  J = 10.5, 17.5 13, 14 16A, 16B 14α 
16A 112.0 CH2 4.94 dd J = 1.3, 17.5 13, 15 15, 16B 12β, 17 
16B  4.84 dd J = 1.3, 10.5 13, 15 15, 16A 12β 
17 28.2 CH3 1.00 s 12, 13, 14, 15 - 
6α, 12α, 
14α,16A, 
19, 20 
18 181.9 C - - - - 
19 16.4 CH3 1.27 s 3, 4, 5, 18 - 1α, 17, 20 
20 18.3 CH3 1.12 s 1, 5, 9, 10 - 12α, 17, 19 
 
 4. The Chemistry of Croton haumanianus 
209 
 
 
4.2.33. Structural elucidation of compound CH-35: Lup-20(29)-en-3β-ol (Appendices 
636-647)  
Compound CH-35 was isolated as a white solid from the dichloromethane extract of the stem 
bark of Croton haumanianus and was identified as the known lupeol, a lupane triterpenoid, 
which has been previously isolated from many sources, including Croton haumanianus55 and 
Croton megalocarpoides.215  
 
Figure 83: The structure of compound CH-35: Lup-20(29)-en-3β-ol. 
The low-resolution electron impact mass spectrum (LREIMS) for compound CH-35 gave a 
molecular ion peak [M]+ at m/z 426.2, indicating a C30H50O molecular formula.  Six degrees of 
unsaturation were calculated for this compound.  The FTIR spectrum for compound CH-35 
showed broad absorption bands for O-H stretch at 3416 cm-1, and 3055 cm-1 for =C-H stretch 
and at 2940 cm-1 and 2871 cm-1 for C-H aliphatic stretches.153    
The 1H NMR spectrum for compound CH-35 showed characteristic resonances for an 
isopropenyl group typical of the lupane of pentacyclic triterpenoids, with two methylene proton 
resonances at δH 4.68 (d, J = 2.2 Hz) and δH 4.57 (d, J = 2.2 Hz) ascribable to the two H-29 
protons of lupeol.  In addition, the 1H NMR spectrum showed an oxymethine proton resonance 
that occurred at δH 3.17 (dd, J = 5.7 Hz, 11.0 Hz, H-3) which was observed to correspond to a 
carbon resonance at δC 79.2 (CH, C-3) in the HSQCDEPT spectrum. 
Compound CH-35 was identified as the common lupeol, lup-20(29)-en-3β-ol, by comparison 
of the 13C NMR data with the literature.235  The 1H and the 13C NMR data are given in Table 
58.  The specific rotation for compound CH-35 was determined to be [α]19
D
  -22.8 (c 0.50, 
CH2Cl2). 
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Table 58: NMR data of compound CH-35: Lup-20(29)-en-3β-ol compared against literature reference 
value 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
CDCl3 235 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 38.9 CH2 39.1 1.66 m 
1β   0.98 m 
2α 27.7 CH2 27.8 1.68 m 
2β   1.57 m 
3 79.2 CH 79.3 3.17 dd  J = 5.7, 11.0 
4 39.1 C 39.2 - 
5 55.5 CH 55.6 0.67 d  J = 
6α 18.5 CH2 18.7 1.50 m 
6β   1.39 m 
7α 34.5 CH2 34.6 1.38 
7β    
8 41.0 C 41.2 - 
9 50.7 CH 50.7 1.26 m 
10 37.4 C 37.5 - 
11α 21.1 CH2 21.3 1.39 m 
11β   1.23 m 
12α 25.4 CH2 25.5 1.66 m 
12β   1.04 m 
13 38.3 CH 38.4 1.64 m 
14 43.0 C 43.2 - 
15α 27.6 CH2 27.8 1.68 m 
15β   1.57 m 
16α 35.8 CH2 35.9 1.46 m 
16β   1.36 m 
17 43.2 C 43.4 - 
18 48.2 CH 48.3 2.38 sext J = 5.7 
19 48.5 CH 48.6 1.34 m 
20 151.2 C 151.1 - 
21α 30.1 CH2 30.2 1.90 m 
21β   1.19 m 
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22α 40.2 CH2 40.4 1.37 m 
22β   1.18 m 
23 28.4 CH3 28.2 0.97 s 
24 15.6 CH3 15.8 0.76 s 
25 16.3 CH3 16.5 0.83 s 
26 16.2 CH3 16.3 1.03 s 
27 14.8 CH3 14.9 0.94 s 
28 18.2 CH3 18.4 0.79 s 
29A 109.5 CH2 109.6 4.68 d  J = 2.2 
29B   4.57 d  J = 2.2 
30 19.5 CH3 19.7 1.68 s 
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4.2.34. Structural elucidation of compound CH-36: Lupenone (Appendices 648-651)  
Compound CH-36 was isolated as a white solid from the dichloromethane extract of the stem 
bark of Croton haumanianus and identified as the known lupenone, a lupane triterpenoid, and 
previously isolated from Croton plants, Croton megalocarpoides,215 and Croton sylvaticus.176  
 
Figure 84: The structure of compound CH-36: Lupenone. 
The LREIMS for compound CH-36 showed a molecular formula C30H48O due to a molecular 
ion peak [M]+ at m/z 424.4, with seven degrees of unsaturation.  The FTIR spectrum for 
compound CH-36 showed absorption bands at  2940 cm-1 and 2869 cm-1 for C-H aliphatic 
stretches and an absorption band at 1705 cm-1 was attributed to a carbonyl stretch of a ketone.153  
The 1H NMR spectrum of compound CH-36 showed the same proton resonances as for 
compound CH-35 except for the absence an oxymethine proton resonance that occurred at  δH 
3.17 (dd, J = 5.7 Hz, 11.0 Hz, H-3).  However, the 13C NMR spectrum showed a carbon 
resonance at δC 218.4 (C, C-3) that was not present in compound CH-35. 
Compound CH-36 was identified as the known lupenone.  A search in the literature showed 
that 13C NMR chemical shifts similar to those of compound CH-36 had been reported for 
lupenone.236  The specific rotation for compound CH-36 was determined to be [α]19
D
  -56.0 (c 
0.80, CH2Cl2). 
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Table 59: NMR data of compound CH-36: Lupenone compared against literature reference value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
CDCl3 236 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1α 39.8 CH2 39.6 1.43 m 
1β   1.38 m 
2α 34.4 CH2 34.1 2.48 m 
2β   2.40 m 
3 218.4 C 217.9 - 
4 47.6 C 47.2 - 
5 55.1 CH 55.8 1.32 m 
6α 19.9 CH2 19.6 1.68  m 
6β   1.46 m 
7α 33.8 CH2 33.5 1.44 m 
7β   1.44 m 
8 41.0 C 40.7 - 
9 50.0 CH 49.7 1.38 m 
10 37.1 C 36.8 - 
11α 21.7 CH2 21.4 1.44 m 
11β   1.40 m 
12α 25.4 CH2 25.1 1.75 s 
12β   1.66 m 
13 38.4 CH 38.1 1.68 s 
14 43.2 C 42.7 - 
15α 27.6 CH2 27.4 1.67 m 
15β   1.01 m 
16α 35.7 CH2 35.6 1.49 m 
16β   1.39 m 
17 43.1 C 42.7 - 
18 48.5 CH 48.2 1.38 m 
19 48.2 CH 47.8 2.40 m 
20 151.1 C 150.5 - 
21α 30.1 CH2 29.8 1.90 m 
21β   1.25 m 
22α 40.2 CH2 39.9 1.19 m 
 4. The Chemistry of Croton haumanianus 
214 
 
 
22β   1.19 m 
23 26.9 CH3 26.6 1.07 s 
24 21.3 CH3 21.0 1.02 s 
25 16.2 CH3 15.8 0.93 s 
26 16.0 CH3 15.4 1.07 s 
27 14.7 CH3 14.4 0.95 s 
28 18.2 CH3 18.0 0.80 s 
29A 109.6 CH2 109.2 4.69 d J = 2.2 
29B   4.57 d J =2.2 
30 19.5 CH3 19.2 1.68 s 
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4.2.35. Structural elucidation of compound CH-37: Octyl trans-ferulate (Appendices 652-
654)  
Compound CH-37 was isolated as a white oil from the dichloromethane extract of the stem 
bark of Croton haumanianus and was identified as the known octyl trans-ferulate.237 
 
Figure 85: The structure of compound CH-37: Octyl trans-ferulate. 
The 1H NMR spectrum of compound CH-37 displayed the presence of a pair of trans olefinic 
proton resonances at δH 7.59 (d, J = 16.0 Hz, H-7) and δH 6.28 (d, J = 16.0 Hz, H-8) and a 
methoxy group resonance at δH 3.92 (s, 3H).  The 1H NMR spectrum also showed an aromatic 
ABX system was present for compound CH-37, with proton resonances at δH 7.04 (d, J = 1.9 
Hz, H-2), δH 6.91 (d, J = 8.2 Hz, H-5) and δH 7.06 (dd, J = 1.9, 8.2 Hz, H-6). 
The 13C NMR spectrum for compound CH-37 displayed one carbonyl carbon resonance at δC 
167.6, and eight double bond carbon resonances at δC 127.3, δC 109.5, δC 147.0, δC 148.1, δC 
114.9, δC 123.3, δC 144.8 and δC 115.9 for C-1, C-2, C-3, C-4, C-5, C-6, C-7 and C-8 
respectively. 
A search in the literature showed that the 13C NMR data of compound CH-37 were 
compararable with those reported by Liu et al.237 for octyl trans-ferulate.  Therefore, compound 
CH-37 was determined to be the known octyl trans-ferulate, previously isolated from Arnebia 
euchroma.237   
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Table 60: NMR data of compound CH-37: Octyl trans-ferulate compared against literature reference 
value. 
No. 
13C NMR (100 MHz) in 
CDCl3 
13C NMR (150 MHz) in 
CDCl3 237 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1 127.3 C 127.0 - 
2 109.5 CH 109.2 7.04 d J = 1.9 
3 147.0 C 147.9 - 
4 148.1 C 146.7 - 
5 114.9 CH 114.7 6.91 d J = 8.2 
6 123.3 CH 123.0 7.06 dd J  = 1.9, 8.2 
7 144.8 CH 144.6 7.59 d J = 16.0 
8 115.9 CH 115.6 6.28 d J = 16.0 
9 167.6 C 167.4 - 
3’ 56.2 OCH3 55.9 3.92 s 
1’ α 64.8 CH2 64.6 4.19 t J = 7.0 
1’ β   4.12 t J = 6.7 
2’ – 7’ 22.9 - 33.2 CH2 22.7 - 31.9 1.26 - 1.68 s 
8’ 14.3 CH3 14.1 0.88 t J = 6.7 
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4.3. Conclusion 
The phytochemical investigation of Croton haumanianus J. Léonard yielded seventeen 
previously unreported diterpenoids, nine ent-kauranes, CH-4 – CH-5, CH-7, CH-9 – CH-10, 
CH-12 – CH-13, & CH-15a – CH-15b, and three ent-clerodanes, CH-19 – CH-21, were 
obtained along with five ent-isopimaranes, CH-29 – CH-31, CH-33 – CH-34 and the known 
diterpenoids, CH-1 – CH-3, CH-6, CH-8, CH-11, CH-14, CH-18, CH-22 & CH-28.  
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The other compounds isolated from Croton haumanianus are the two known sesquiterpenes, 
(S)-curcumene (CH-23) and caryophyllene oxide (CH-24), a phytosterol, 7β-hydroxystigmast-
4-en-3-one (CH-25), syringaldehyde (CH-26), phaeophytin-b (CH-27) and the triterpenoids, 
lupeol (CH-35) and lupenone (CH-36), and octyl trans-ferulate (CH-37). 
 
The isolation of diterpenoids from this plant follows the trend observed in other African Croton 
species.  This study is the second report of the phytochemistry of Croton haumanianus.  In the 
first study (Tchissambou et al., 1990), a clerodane, crotocorylifuran (CH-28), a crotofolane, 
crotohaumanoxide, and a triterpenoid, lupeol (CH-35) were reported.55  In this study, we report 
nineteen ent-kaurane, one ent-labdane, one phytane, four ent-clerodane and six ent-
isopimarane diterpenoids.  Crotofolane diterpenoids were not isolated.  Ent-kaurane 
diterpenoids (CH-1 – CH-17b) reperesent the predominant class of diterpenoids from this 
plant.  Ent-kaurane diterpenoids have been reported from the African Croton 
pseudopulchellus,119 Croton geayi,31 Croton hirtus57,58 and Croton zambesicus species.  Ent-
kaurane diterpenoids from Croton species have prevoiusly been evaluated in different 
biological assays, including the antiinflamatory potential for inhibition of superoxide anion 
generation, inhibition of elastase release and to stimulate differentiation in 
oesteoblasts.214,238,239  Compounds CH-11, CH-12, CH-13, CH-15 showed selective activity 
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against three of the NCI 60 cancer cell lines, the colon (HCT-116), the melanoma (M14) and 
the renal (786-0) cancer cell lines at a concentration of 10-5 M (Chapter 6).   
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CHAPTER 5 THE CHEMISTRY OF CROTON DICTYOPHLEBODES 
5.1. Introduction  
5.1.1. Botanical aspects  
Croton dictyophlebodes Radcl.-Sm is a much-branched, evergreen tree belonging to the Croton 
genus of the Euphorbiaceae family.  Croton dictyophlebodes grows up to 20 metres tall and is 
endemic to the Eastern Arc montane and dry montane forests in northern Tanzania 
(Lushoto).240  The phytochemistry of Croton dictyophlebodes has not been reported before, 
however, the tree is used in Tanzania as a remedy for intestinal worms and also as a source of 
fuel.241  It is presently classified as ‘vulnerable’ in the IUCN red list of threatened species.242   
 
Figure 86: Croton dictyophlebodes deposited in the East African Herbarium, Nairobi, collected by British 
botanist Alan Radcliffe Smith.240 
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5.1.2. The phytochemical investigation of stem bark and root of Croton dictyophlebodes 
In the present study, fourteen compounds were isolated from the stem bark and roots of Croton 
dictyophlebodes including seven new ent-clerodane diterpenoids (CD-1 – CD-5 and CD-7 – 
CD-8), a new ent-trachylobane diterpenoid (CD-9), the known ent-trachylobane diterpenoid 
(CD-10), a known ent-clerodane diterpenoid (CD-6), the known ent-kaur-16-en-19-oic acid 
(CD-11), the triterpenoid, acetyl aleuritolic acid (CD-12) and the known 2-methoxybenzyl 
benzoate (CD-13), as well as linoleic acid.  The methods used in the extraction and isolation 
of the compounds are described in the Experimental Section 8.2.2.  The structural elucidation 
of the compounds isolated in this study and their structures (Figure 87) are given below.  
 
 
Figure 87: Compounds isolated from the stem bark and root of Croton dictyophlebodes (CD-1 to CD-13) 
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The compounds originate biosynthetically from the ent-pimarenyl cation.  The proposed 
biosynthetic routes for the formation of compounds CD-1 – CD-11 are illustrated in Scheme 
13 and Scheme 14 as shown below. 
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Scheme 13: Interrelationship of ent-clerodanes and ent-trachylobanes isolated from the stem bark and 
root of Croton dictyophlebodes 
 
Scheme 14: Interrelationship of ent-clerodanes isolated from the stem bark and root of Croton 
dictyophlebodes 
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5.2. Results and discussion 
5.2.1. Structural elucidation of compound CD-1:  Methyl ent-15,16-epoxy-1,3,13(16),14-
clerodatetraen-17,12R-olide-18-oate (Appendices 655-665)  
Compound CD-1 was isolated as a white solid from the methanol extract of the stem bark of 
Croton dictyophlebodes and was determined to be a previously undescribed methyl ent-15,16-
epoxy-1,3,13(16),14-clerodatetraen-17,12R-olide-18-oate. 
           
Figure 88: The structure of compound CD-1: Methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-
17,12R-olide-18-oate (showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CD-1 gave a [M+H]+ peak at m/z 357.1335, which indicated a 
molecular formula of C21H24O5 for the compound.  This corresponded to ten degrees of 
unsaturation for compound CD-1.  The FTIR spectrum showed absorption bands at 2951 cm-1 
and 2876 cm-1 for C-H aliphatic stretches, and absorption bands at 1732 cm-1 and 1715 cm-1 for 
carbonyl stretches.153 
The 1H NMR spectrum for compound CD-1 showed six double bond proton resonances at δH 
7.44 (d, J = 1.8 Hz), δH 7.41 (t, J = 1.8 Hz), δH 6.78 (d, J = 5.0 Hz), δH 6.41 (d, J = 1.8 Hz), δH 
6.22 (dd, J = 5.0 Hz, 6.5 Hz) and δH 6.11 (dd, J = 6.5 Hz, 9.5 Hz), one oxygenated methine 
proton resonance at δH 5.57 (dd, J = 6.5 Hz, 13.0 Hz), one methoxy group singlet three proton 
resonance at δH 3.73 (s), two methyl group singlet proton resonances at δH 1.22 (s) and δH 1.13 
(s), and two methine proton resonances at δH 2.24 (d, J = 6.5 Hz) and 2.21 (dd, J = 3.5 Hz, 13.0 
Hz).   
The 13C NMR and DEPT NMR spectra showed twenty-one carbon resonances for compound 
CD-1.  Two carbonyl carbon resonances were observed at δC 172.1 and δC 167.5, eight alkene 
double bond carbon resonances were observed at δC 144.1, δC 140.1, δC 139.6, δC 132.7, δC 
131.6, δC 126.0, δC 125.6 and δC 108.7, and one oxygenated methine carbon resonance at δC 
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72.1 and one methoxy group carbon resonance at δC 51.7.  In addition, compound CD-1 showed 
two methyl groups (CH3), three methylene groups (CH2), two methine (CH) and three fully 
substituted carbon (C) resonances.  From the data described above, compound CD-1 was 
determined to be a mono-methoxylated tetracyclic diterpenoid.  The 1H NMR spectrum 
supported a β-substituted furanyl group due to characteristic double bond resonances at δH 7.44 
(d, J = 1.8 Hz, H-16), δH 7.41 (t, J = 1.8 Hz, H-15) and δH 6.41 (d, J = 1.8 Hz, H-14), that were 
coupled.  In addition, the typical methine proton resonance of H-12 at δH 5.57 and 13C NMR 
chemical shift for C-17 supported a C-17, C-12 lactone.  This information indicated that 
compound CD-1 is either a clerodane, halimane or labdane diterpenoid.158, 214      
From the HMBC spectrum, the H-12 resonance showed correlations with carbon resonance at 
δC 126.0 (C), δC 108.7 (CH) and δC 43.7 (CH2) for C-13, C-14 and C-11 respectively.  
Furthermore, a correlation in the HMBC spectrum between the C-11 resonance and a methyl 
group proton resonance at δH 1.22 (s, 3H-20) indicated that the lactone was six membered.  
Typically, African Croton species can produce diterpenoids where the lactone ring is either a 
C-20/C-12 linkage (five-membered) or a C-17/C-12 linkage (six membered).  Examples of the 
earlier C-20/C-12 lactone are compounds CH-19, CH-20 and CH-21 isolated from Croton 
haumanianus.  Other compounds with the C-20/C-12 linkage have been reported from Croton 
argyrodaphne,23 Croton jatrophoides,66 Croton macrostachyus,74 Croton megalocarpoides,90 
Croton oligandrus107 and Croton zambesicus36  Examples of Croton species that yield 
diterpenoids with a C-17/C-12 lactone include Croton dichogamus,30 Croton macrostachyus74 
and Croton megalocarpus.  Croton dictyophelebodes follows in this series.  Additional 
correlations were seen in the HMBC spectrum between the two H-11 resonances with carbon 
resonances at δC 50.9, δC 36.6 and δC 72.2 that were assigned as C-8, C-9 and C-12 respectively.  
One of the H-11 resonance (δH 2.40, dd, J = 8.0 Hz, 13.0 Hz) showed a correlation in the 
HMBC spectrum with a carbon resonance at δC 54.3 that was assigned as C-10.  The proton 
resonances at 2.21 (dd, J = 3.5 Hz, 13.0 Hz) and δH 2.24 (d, J = 6.5 Hz) were assigned as H-8 
and H-10 respectively.  The H-8 resonance showed a coupled sequence in the COSY spectrum 
with two proton resonances at δH 2.11 (m) and δH 1.69 (m) for two H-7.  In turn, the two H-7 
resonances were observed to be coupled in the COSY spectrum with resonances at δH 2.64 (dt, 
J = 3.5 Hz, 10.5 Hz) and δH 1.39 (d, J = 3.5 Hz) that were assigned as the two H-6 resonances.  
The corresponding carbon resonances at δC 18.6 and δC 34.0 were assigned to C-7 and C-6 
respectively using the HSQCDEPT spectrum.  In the HMBC spectrum, the C-6 resonance was 
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observed to correlate with the 3H-19 (δH 1.13, s) resonance.  From the COSY spectrum, the H-
10 resonance showed a coupled sequence with a double bond proton resonance at δH 6.11 (dd, 
J = 6.5 Hz, 9.5 Hz) assignable as H-1.  The H-1 resonance was coupled with a proton resonance 
at δH 6.22 (dd, J = 5.0 Hz, 6.5 Hz) for H-2, which, in turn, was coupled to a proton resonance 
at δH 6.78 (d, J = 5.0 Hz) assigned as H-3.  These assignments were confirmed by the HMBC 
spectrum which showed correlations between the H-1 resonance and carbon resonances at δC 
131.6 (CH, C-3), δC 38.3 (C, C-5), δC 36.6 (C, C-9), and δC 54.3 (CH, C-10), and between the 
H-3 proton resonance and carbon resonances at δC 132.7 (CH, C-1), C-5 and δC 167.5 (C, C-
18).  Similarly, a correlation in the HMBC spectrum between a methoxy group proton 
resonance at δH 3.73 (s) with the C-18 resonance confirmed the presence of a C-18 methyl 
ester. 
The above data indicated that compound CD-1 was a methoxylated clerodane diterpenoid 
where ring A possessed two double bonds, with a β-substituted furanyl ring and C-17/C-12 
lactone group.  
The NOESY spectrum was used to assign the relative configuration for compound CD-1.  The 
H-10 resonance showed a correlation in the NOESY spectrum with the H-8 and H-11β 
resonances, therefore H-8, H-10 and the H-11β were on one face of the molecule.  
Correspondingly, the 3H-20 resonance showed correlations in the NOESY spectrum with the 
3H-19 and the H-12 resonances, therefore, the H-12, 3H-19 and the 3H-20 groups were on the 
other face of the molecule as expected for a trans-ent-clerodane diterpenoid.   
The specific rotation for compound CD-1 was found to be [α]22
D
  -40.7 (c 1.00, CH2Cl2), 
indicating that compound CD-1 (methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-
17,12R-olide-18-oate) belonged to the ent-clerodane series.90,243  A search in the literature 
showed that compound CD-1 has not been reported previously. 
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Table 61: Correlation table for NMR data of compound CD-1: Methyl ent-15,16-epoxy-1,3,13(16),14-
clerodatetraen-17,12R-olide-18-oate. 
No. 13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 132.7 CH 6.11 dd J = 6.5, 9.5 3, 5, 9, 10 2, 10 2, 3, 11α 
2 125.6 CH 6.22 dd J = 5.0, 6.5  1, 3 1 
3 131.6 CH 6.78 d J = 5.0 1, 5, 18 2 1, 14 
4 140.5 C - - - - 
5 38.3 C - - - - 
6α 34.0 CH2 2.64 dt J = 3.5, 10.5  6β, 7α, 7β 6β, 19 
6β  1.39 d J = 3.5 5, 19 6α, 7α, 7β 6α, 7α, 7β 
7α 18.6 CH2 2.11 m  6α, 6β, 7β, 8 6β 
7β  1.69 m 5, 6, 9 6α, 6β, 7α, 8 6β 
8 50.9 CH 2.21 dd J = 3.5, 13.0 6, 7, 9, 17, 20 7α, 7β 10 
9 36.6 C - - - - 
10 54.3 CH 2.24 d J = 6.5 1, 2, 5, 6, 9, 19, 20 1 8, 11β 
11α 43.7 CH2 2.40 dd J = 8.0, 13.0 8, 9, 10, 20 11β, 12 1, 12 
11β  1.68 dd J = 6.5, 13.0 8, 12, 13, 20 11α, 12 12, 10, 14 
12 72.1 CH 5.57 dd J = 6.5, 13.0 11, 13, 14 11α, 11β 11α, 11β, 20 
13 126.0 C - - - - 
14 108.7 CH 6.41 d J = 1.8 15, 16 15 3, 11β, 15, 
16 
15 144.1 CH 7.41 t J = 1.8 13, 14, 16 14, 16 14 
16 139.6 CH 7.44 d J = 1.8 13, 14, 15 15 14 
17 172.1 C - - - - 
18 167.5 C - - - - 
19 15.8 CH3 1.13 s 4, 5, 6, 10 - 20 
20 15.9 CH3 1.22 s 8, 9, 10, 11 - 12, 19 
21 51.7 OCH3 3.73 s 18 - - 
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5.2.2. Structural elucidation of compound CD-2:  Ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20-al (Appendices 666-676)  
Compound CD-2 was isolated as a white solid from the methanol extract of the stem bark of 
Croton dictyophlebodes and was found to be the previously unreported ent-3α,4α:15,16-
diepoxycleroda-13(16),14-dien-20-al, an ent-clerodane-class diterpenoid.  
    
Figure 89: The structure of compound CD-2: Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20-al 
(showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CD-2 showed a [M+H]+ peak at m/z 317.2115, indicating a 
molecular formula of C20H28O3 for the compound, with seven degrees of unsaturation.  The 
FTIR spectrum showed absorption bands at 2928 cm-1 and 2856 cm-1 for C-H aliphatic 
stretches, and absorption bands at 1694 cm-1 for a carbonyl stretch and 1158 cm-1 for an epoxide 
C-O stretch.153 
The 1H and 13C NMR spectral data for compound CD-2 differed from those of compound CD-
1.  Compound CD-2 showed three coupled resonances at δH 7.21 (brs, W1/2 = 4.0 Hz, H-16), 
δH 7.33 (t, J = 1.8 Hz, H-15) and δH 6.24 (d, J = 1.8 Hz, H-14) for protons of a β-subsitituted 
furan ring, as with compound CD-1.  In addition, the 1H NMR spectrum showed the presence 
of a secondary methyl group (δH 1.08, d, J = 6.5 Hz), assigned to 3H-17, which was seen to be 
coupled to the H-8 resonance (δH 1.68, m).  The C-20 methyl group had been oxidized to an 
aldehyde (δc 205.8, δH 9.78).  The H-14 and H-16 resonances showed correlations in the 
HMBC spectrum with a methylene C-12 resonance (δC 17.5, CH2), indicating the absence of a 
lactone ring, and the presence of three methyl groups including a doublet methyl group 
resonance for compound CD-2 as opposed to two methyl groups in compound CD-1, indicating 
that the 17,12-lactone was missing.  The corresponding two H-12 resonances (δH 2.30, m and 
δH 2.16, m) were seen to be coupled to the two H-11 resonances (δH 2.02, m and δH 1.55, m), 
which were not further coupled, confirming the clerodane structure.  The 13C and the 
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HSQCDEPT NMR data for compound CD-2 also showed characteristic resonances of an 
oxirane ring at δC 65.4 (C, C-4) and δC 61.7 (CH, C-3).  The corresponding H-3 (δH 2.95,brs, 
W1/2 = 5.0 Hz) resonance showed correlations in the HMBC spectrum with C-18 methyl carbon, 
C-4, C-2 (δC 28.1) and C-1 (δC 15.7) resonances, indicating that the double bonds at Δ1and Δ3 
were not present.  The C-1 resonance, in turn, showed correlations with H-10 (δH 1.26, m) 
resonance which showed correlations with the C-19 methyl (δC 17.3), C-9 (δC 53.3), C-11 (δC 
29.6), C-8 (35.2) and C-20 (205.8) resonances.  The C-20 aldehyde resonance also showed 
correlations in the HMBC spectrum with the the two H-11 and H-8 resonances confirming its 
assignment. 
From the NOESY spectrum, the H-10 resonance showed correlations with the H-8 and the H-
11β resonances as was observed in compound CD-1.  Consistently, the NOESY spectrum also 
showed correlations between the 3H-19, 3H-18, 3H-17 and the H-20 resonances.  Correlations 
were similarly seen between H-3 and 3H-18 as well as H-3 and H-20 resonances, therefore, the 
H-20, 3H-19, 3H-18, 3H-17 and the H-3 group were confirmed to be on the α face of the 
molecule as shown in Figure 90. 
A specific rotation value for compound CD-2 was found to be [α]22
D
  -70 (c 1.00, CH2Cl2).  A 
search in the literature showed that compound CD-2, ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20-al, has not been reported.  
 
Figure 90: Key Selected NOESY Correlations for Compound CD-2. 
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Table 62: Correlation table for NMR data of compound CD-2: Ent-3α,4α:15,16-diepoxycleroda-13(16),14-
dien-20-al 
No. 13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 15.7 CH2 1.54 m 3, 5, 9, 10 1β, 2α, 2β, 
10 
2α, 11A 
1β  1.28 m 2, 5, 9, 10 1α, 2α, 2β, 
10 
2β, 12β 
2α 28.1 CH2 2.13 m 1, 3, 4, 10 1α, 1β, 2β, 3 1α, 3 
2β  1.65 m 1, 10 1α, 1β, 2α, 3 1β, 10 
3 61.7 CH 2.95 brs W1/2 = 5.0 1, 2, 4, 18 2α, 2β 2α, 6α, 14, 
18, 20 
4 65.4 C - - - - 
5 37.3 C - - - - 
6α 36.9 CH2 1.73 dt J = 3.5, 13.0 7, 8, 10, 19 6β, 7α, 7β 3, 7α 
6β  1.45 dt J = 3.5, 13.0 5, 7, 10, 19 6α, 7α, 7β 7β 
7α 28.0 CH2 1.85 m 5, 6, 8,17 6α, 6β, 7β, 8 6α 
7β  1.66 m 5, 6, 8, 9, 17 6α, 6β, 7α, 8 6β 
8 35.2 CH 1.68 m 6, 7, 9, 10, 17, 20 7α, 7β, 17 10 
9 53.3 C - - - - 
10 49.1 CH 1.26 m 1, 2, 4, 5, 6, 8, 9, 11, 
19, 20 
1α, 1β 2β, 8, 11B 
11A 29.6 CH2 2.02 m 8, 9, 10, 12, 13, 20 11B, 12α, 
12β 
1α 
11B - 1.55 m 8, 9, 10, 12, 13, 20 11A, 12α, 
12β 
10 
12α 17.5 CH2 2.30 m 11, 13, 14, 16 11A, 11B, 
12β 
20 
12β - 2.16 m 11, 13, 14, 16 11A, 11B, 
12α 
1β 
13 124.4 C - - - - 
14 110.8 CH 6.24 d J = 1.8 12, 13, 15, 16  15 3, 15 
15 143.0 CH 7.33 t J = 1.8 13, 14, 16 14, 16 14 
16 138.6 CH 7.21 brs W1/2 = 4.0 12, 13, 14, 15 15  
17 16.8 CH3 1.08 d J = 6.5 7, 8, 9 8 19, 20 
18 19.7 CH3 1.19 s 3, 4, 5 - 3, 19 
19 17.3 CH3 0.92 s 4, 5, 6, 10  - 17, 18, 20 
20 205.8 CH 9.78 s 8, 9, 11 - 3, 12α, 17, 
19 
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5.2.3. Structural elucidation of compound CD-3:  Ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-19,20-dioic acid (Appendices 677-687)  
Compound CD-3 was isolated as a white solid from the methanol extract of the stem bark of 
Croton dictyophlebodes.  This was found to be a new clerodane-type diterpenoid, ent-
3α,4α:15,16-diepoxycleroda-13(16),14-dien-19,20-dioic acid.   
    
Figure 91: The structure of compound CD-3: Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-19,20-dioic 
acid (showing correlations seen in the NOESY spectrum). 
The high resolution electron impact mass spectrum (HREIMS) for compound CD-3 gave a 
[M+H]+ peak at m/z 363.1809, which indicated a C20H26O6 molecular formula for the 
compound with eight degrees of unsaturation.  The FTIR spectrum for compound CD-3 
showed absorption bands at 3444 cm-1, 1794 cm-1 and 1714 cm-1 which were attributed to 
hydroxyl and carbonyl stretches.  Further absorption bands at 2929 cm-1 and 2858 cm-1 for C-
H aliphatic stretches were seen.  In addition, the FTIR spectrum displayed an absorption band 
at 1160 cm-1 for an epoxide stretch.153 
The comparison of the NMR data described above, with that of compound CD-2, indicated that 
compound CD-3 was a derivative of compound CD-2, with two carboxylic acid groups at C-
19 and C-20 present in compound CD-3.  The 1H NMR spectrum of compound CD-3 was 
similar to that of compound CD-2 with a β-substituted furan ring at C-12 and an epoxide group 
at C-3β,4β.  The aldehyde proton (δH 9.78, H-20) resonance was not present in the 1H NMR 
spectra of compound CD-3.  
The 13C NMR spectrum showed the presence of two partially overlapping carbonyl carbon 
resonances (δC 169.1, C-19; δC 169.2, C-20) and a broad absorption band at 3443 cm-1 in the 
FTIR spectrum indicating the presence of a carboxylic acid in compound CD-3.  This was 
confirmed by a correlation seen between the C-19 resonance and the two H-6 (δH 2.25, m and 
 5. The Chemistry of Croton dictyophlebodes 
232 
 
 
δH 1.71, dt, J = 3.5 Hz, 13.0 Hz), and the H-10 (δH 1.50, m) resonances.  The aldehyde at C-20 
had been oxidized to a carboxylic acid carbon resonance which could be assigned to C-20 (δC 
169.2) due to correlations seen in the HMBC spectrum with the two H-11 (δH 1.91, m and δH 
1.20, m) resonances, and the H-10 resonance. 
The specific rotation for compound CD-3 was [α]22
D
  -95 (c 1.00, CH2Cl2).  The NOESY 
spectrum showed that the configurations at the chiral centres of compound CD-3 were the same 
as those of compound CD-2.  A search in Scifinder and the Dictionary of Natural Products 
databases did not return any search results for this compound.  Therefore, compound CD-3, 
ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-19,20-dioic acid, has not been reported 
previously. 
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Table 63: Correlation table for NMR data of compound CD-3: Ent-3α,4α:15,16-diepoxycleroda-13(16),14-
dien-19,20-dioic acid 
No. 13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 17.8 CH2 1.50* m 2, 3, 5, 9, 10 1β, 2α, 2β, 10 3, 18 
1β  1.15 m 2, 3, 10 1α, 2α, 2β, 10 2β 
2α 25.2 CH2 2.16 m 3, 4, 10 1α, 1β, 2β, 3 2β, 3 
2β  1.71 dt J = 3.5, 13.0 1, 10 1α, 1β, 2α, 3 1β, 2α, 6β 
3 61.6 CH 3.07 brs W1/2 = 5.0  1, 2, 4, 18 2α, 2β 1α, 2α, 18 
4 60.0 C - - - - 
5 49.5 C - - - - 
6α 34.9 CH2 2.25 m 4, 5, 7, 8, 10, 19 6β, 7α, 7β 7α 
6β  1.71 dt J = 3.5, 13.0 5, 7, 8, 10, 19 6α, 7α, 7β 2β, 7β 
7α 29.5 CH2 2.31 m 5, 6, 8, 9, 17 6α, 6β, 7β, 8 6α, 12α, 16, 
17 
7β  1.86 m 5, 6, 8, 9, 17 6α, 6β, 7α, 8 6β 
8 35.2 CH 1.93 m 6, 7, 9, 10, 17, 20 7α, 7β, 17 10, 11B 
9 50.3 C - - - - 
10 43.0 CH 1.50* m 1, 2, 4, 5, 6, 8, 9, 
19, 20 
1α, 1β 8, 14 
11A 30.2 CH2 1.91 m 8, 9, 12, 13, 20 11B, 12α, 12β 12α, 12β, 
17, 18 
11B - 1.20 m 9, 10, 12, 20 11A, 12α, 12β 8, 12α, 12β, 
15 
12α 17.3 CH2 2.34 m 9, 11, 13, 14, 16 11A, 11B, 12β 7α 
12β - 2.13 m 11, 13, 14 11A, 11B, 12α 11A, 11B, 
13 123.7 C - - - - 
14 110.8 CH 6.25 d J = 1.8 12, 13, 15, 16  15 10, 15, 16 
15 143.3 CH 7.34 t J = 1.8 13, 14, 16 14, 16 11B, 14 
16 138.8 CH 7.23 brs W1/2 = 4.0 12, 13, 14, 15 15 7α, 17, 14 
17 16.6 CH3 0.95 d J = 6.5 7, 8, 9 8 7α, 11A, 16, 
18 
18 21.4 CH3 1.51 s 3, 4, 5 - 1α, 3, 11A, 
17 
19 169.1 C - - - - 
20 169.2 C - - - - 
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5.2.4. Structural elucidation of compound CD-4:  Ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20,19-olide (Appendices 688-698)  
Compound CD-4 was isolated as a white solid from the methanol extract of the stem bark of 
Croton dictyophlebodes.  This was found to be a new 20,19-lactone derivative of CD-2.  
   
Figure 92: The structure of compound CD-4: Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20,19-olide 
(showing correlations seen in the NOESY spectrum). 
The high resolution electrospray ionization mass spectrum (HRESIMS) for compound CD-4 
gave a [M+H]+ peak at m/z 331.1913 for a C20H26O4 molecular formula for CD-4.  This 
included one more oxygen atom than in compound CD-2, and eight degrees of unsaturation.  
The FTIR spectrum showed a broad absorption band for a carbonyl stretch of an ester group at 
1716 cm-1, and an absorption band at 2930 cm-1 and 2858 cm-1 for C-H aliphatic stretches, and 
1158 cm-1 for the C-O stretch of an epoxide. 
The 1H and 13C NMR data of compound CD-4 were very similar to those of ent-3α,4α:15,16-
diepoxycleroda-13(16),14-dien-20-al (compound CD-2), however, instead of a C-19 methyl 
goup, an oxymethylene group was present (δH 4.86, d, J = 12.0 Hz; δH 4.27, d, J = 12.0 Hz, two 
H-19) in compound CD-4, with a corresponding C-19 (δC 73.5, CH2) resonance.  The C-20 
carbon resonance, had appeared at δC 173.0 (C) and this, along with the molecular formula, 
established the presence of a C-20,19-lactone group.  This was confirmed by the HMBC 
correlations between the two H-19 reonances and the C-20 carbonyl carbon resonance. 
The specific rotation for compound CD-4 was determined to be [α]22
D
  -60.5 (c 1.00, CH2Cl2).  
The configuration at C-19 of compound CD-4 was assigned using the NOESY spectrum which 
showed correlations between the two H-19 and 3H-18 (δH 1.26) resonance confirming that 3H-
18 and two H-19 were on the α face of the molecule.  A search in Scifinder and the Dictionary 
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of Natural Products databases for compound CD-4, ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20,19-olide, showed that this compound has not been previously described.   
Table 64: Correlation table for NMR data of compound CD-4:  Ent-3α,4α:15,16-diepoxycleroda-13(16),14-
dien-20,19-olide. 
No. 13C NMR (100 
MHz) in CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 17.3 CH2 1.51 m 3, 5, 9 1β, 2α, 2β, 10 6α, 11A, 17, 18 
1β  1.20 m 2, 3, 5 1α, 2α, 2β, 10 2α, 2β, 10, 11B 
2α 26.5 CH2 2.21 m 3 1α, 1β, 2β, 3 1β, 3 
2β  1.74 m 1, 10 1α, 1β, 2α, 3 1β, 7β, 10 
3 61.7 CH 3.06 brs W1/2 = 5.0  1, 2, 4, 18 2α, 2β 2α, 18 
4 60.7 C - - - - 
5 35.6 C - - - - 
6α 37.5 CH2 2.05 m 4, 5, 7, 8, 10, 19 6β, 7α, 7β 1α, 6β, 7α, 12α, 18, 19β 
6β  1.60 m 4, 5, 7, 8, 10, 19 6α, 7α, 7β 6α 
7α 29.4 CH2 2.37 m 5, 8, 9, 17 6α, 6β, 7β, 8 6α, 8 
7β  1.76 m 5, 6, 8, 9, 17 6α, 6β, 7α, 8 2β 
8 37.0 CH 1.84 m 6, 9 7α, 7β, 17 7α, 10, 11B 
9 48.5 C - - - - 
10 44.1 CH 1.42 m 2, 5, 6, 8, 9, 19, 20 1α, 1β 1β, 2β, 8 
11A 30.2 CH2 1.83 m 8, 9, 12, 13, 20 11B, 12α, 12β 1α, 10 
11B  1.59 m 8, 9, 10 11A, 12α, 12β 1β, 10, 11B, 12β 
12α 17.5 CH2 2.30 m 9, 11, 13, 14, 16 11A, 11B, 12β 6α, 16 
12β  2.10 m 11, 13, 14, 16 11A, 11B, 12α 11B 
13 124.4 C - - - - 
14 111.0 CH 6.27 d J = 1.8 13, 15, 16  15 15, 17 
15 143.2 CH 7.35 t J = 1.8 13, 14, 16 14, 16 14 
16 138.8 CH 7.24 brs W1/2 = 4.0 12, 13, 14, 15 15 12α 
17 16.5 CH3 0.93 d J = 6.5 7, 8, 9 8 1α, 14 
18 21.2 CH3 1.26 s 3, 4, 5 - 1α, 3, 6α, 19α, 19β 
19α 73.5 CH2 4.86 d J = 12.0 4, 5, 6, 20 19β 18, 19β 
19β  4.27 d J = 12.0 5, 6, 10, 20 19α 6α, 18, 19α 
20 173.0 C - - -  
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5.2.5. Structural elucidation of compound CD-5: Methyl ent-3α,4α:15,16-
diepoxycleroda-13(16),14-dien-20,12S-olide-19-oate (Appendices 699-709)  
Compound CD-5 was isolated as a white solid from the methanol extract of both the stem bark 
and roots of Croton dictyophlebodes and was found to be a new ent-clerodane diterpenoid, 
methyl ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20,12S-olide-19-oate.  
       
Figure 93 : The structure of compound CD-5: Methyl ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-
20,12S-olide-19-oate (showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CD-5 gave a [M+Na]+ peak at m/z 397.1614, which indicated a 
molecular formula of C21H26O6, for compound CD-5 and nine degrees of unsaturation.  The 
FTIR spectrum showed broad absorption bands for a carbonyl stretch of an ester group at 1760 
cm-1 and 1715 cm-1 for a lactone carbonyl stretch, absorption bands at 2923 cm-1 and 2853 cm-
1 for C-H aliphatic stretches, and 1158 cm-1 for C-O stretch of an epoxide.153 
The similarities between the 1H and the 13C NMR spectra of compound CD-5 and those of 
compound CD-4 showed that they have the same basic skeleton with an additional ester 
carbonyl carbon resonance at δC 175.8.  A detailed analysis of the 2D NMR data for compound 
CD-5 indicated that it was a furano-clerodane diterpenoid with a β-substituted furan ring, but 
instead of a 20,19-lactone as observed in compound CD-4, a 20,12-lactone was present.  As 
was observed in compounds CD-2, CD-3 and CD-4 described above, epoxide ring resonances 
were present at δC 60.8 (CH, C-3) and δC 61.6 (C, C-4), and the C-19 methyl group was 
converted to a methyl ester (δC 175.8, δH 3.68).  The 1H NMR spectrum showed a secondary 
methyl carbon group at δH 0.99 (d, J = 6.5 Hz, 3H-17), which was seen to be coupled to the H-
8 resonance in the COSY spectrum.  The HMBC spectrum showed correlations between the 
H-3 (δH 2.99, brs, W1/2 = 5.0 Hz) resonance and the C-18 (δC 20.3), and C-5 (δC 48.6) 
resonances.  The C-5 resonance, in turn, showed correlations with the H-10 resonance which 
showed correlations with the ester carbonyl C-19 resonance and the C-9, C-11, and C-8 
 5. The Chemistry of Croton dictyophlebodes 
237 
 
 
resonances.  Additionally, the C-9 resonance showed correlations with the 3H-17, H-10 and H-
12 resonances in the HMBC spectrum.  The H-12 resonance, in turn, showed correlation with 
the C-20 resonance, confirming the presence of a 20,12-lactone.  Additionally, the H-12 proton 
resonance showed correlations with C-13, C-14 and C-16 resonances. 
The specific rotation for compound CD-5 was determined as [α]22
D
  -60.6 (c 1.00, CHCl3).  The 
configuration at C-12 of compound CD-5 was determined using the NOESY spectrum which 
showed correlations between the 3H-17 resonance and H-12 resonance and also between the 
3H-18 (δH 1.32) and the methyl ester (δH 3.68) resonances, confirming that 3H-18, 3H-17, H-
12 and the OCH3 were on the α face of the molecule thus the configuration at C-12 is S.  A 
search in Scifinder and the Dictionary of Natural Products databases for compound CD-5 
(methyl ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20,12S-olide-19-oate), showed that 
this compound has not been previously described. 
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Table 65: Correlation table for NMR data of compound CD-5: Methyl ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20,12S-olide-19-oate. 
No. 13C NMR (100 
MHz) in CDCl3 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 18.3 CH2 2.39 m 5, 9, 10 1β, 2α, 2β, 10 3, 12, 17 
1β  1.59 m 2, 3, 5, 9, 10 1α, 2α, 2β, 10 2α, 2β, 6β, 
11β 
2α 27.9 CH2 2.30 m 10 1α, 1β, 2β, 3 1β, 12 
2β  1.80 m 1, 3 1α, 1β, 2α, 3 1β, 11β 
3 60.8 CH 2.99 brs W1/2 = 5.0  1, 2, 4, 5, 18 2α, 2β 1α, 14, 18 
4 61.6 C - - - - 
5 48.6 C - - - - 
6α 34.8 CH2 2.64 m 5, 7, 8, 10 6β, 7α, 7β 6β, 7α, 18 
6β  1.34 m 4, 5, 7 6α, 7α, 7β 1β, 6α, 8, 10 
7α 28.3 CH2 2.15 m 5, 6, 8, 9, 17 6α, 6β, 7β, 8 6α, 17, 18, 
21 
7β  1.53 m 9, 17 6α, 6β, 7α, 8 8, 10 
8 40.6 CH 1.51 m 7, 9, 10, 20 7α, 7β, 17 6β, 7β, 10, 
11β 
9 51.0 C - - - - 
10 52.8 CH 1.42 d J = 12.0 1, 2, 4, 5, 6, 8, 9, 
19, 20 
1α, 1β 6β, 7β, 8, 
11β 
11α 41.8 CH2 2.38 m 8, 9, 10, 12, 13 11β, 12 12, 14, 17 
11β  2.31 m 8, 9, 10, 12, 13, 20 11α, 12 1β, 2β, 8, 10 
12 71.7 CH 5.38 dd J = 1.8, 10.0 11, 13, 14, 16 11α, 11β 1α, 2α, 11α, 
17 
13 125.6 C - - - - 
14 108.3 CH 6.38 d J = 1.8 13, 15, 16  15 3, 11α, 15, 
16, 17 
15 144.3 CH 7.41 t J = 1.8 13, 14, 16 14, 16 14 
16 139.8 CH 7.44 brs W1/2 = 4.0 13, 14, 15 15 14 
17 16.9 CH3 0.99 d J = 6.5 7, 8, 9 8 1α, 7α, 11α, 
12, 14 
18 20.2 CH3 1.32 s 3, 4, 5 - 3, 6α, 7α, 21 
19 175.8 C - - - - 
20 173.0 C - - - - 
21 51.2 OCH3 3.68 s 19 - 7α, 18 
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5.2.6. Structural elucidation of compound CD-6:  Methyl ent-15,16-epoxycleroda-
3,13(16),14-trien-12-oxo-18-oate (Appendices 710-720)  
Compound CD-6 was isolated as a white solid from the methanol extract of the roots of Croton 
dictyophlebodes and was determined to be the methyl ester of 12-oxo-hardwickic acid, 
previously synthezed by Mcchesney and Silveira (1989) by oxidizing the naturally occurring 
12-hydroxyhardwickic acid methyl ester.244  This is the first report of isolation of compound 
CD-6 from a natural source.  
 
Figure 94: The structure of compound CD-6: Methyl ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-
oate.       
The HRESIMS for compound CD-6 gave a [M+NH4]
+ peak at m/z 362.2322, which indicated 
a molecular formula of C21H28O4 for the compound.  This corresponded with eight degrees of 
unsaturation for compound CD-6.  The FTIR spectrum showed absorption bands for a carbonyl 
stretch of an ester group at 1713 cm-1, OH stretch at 3418 cm-1, and 1667 cm-1 for a ketone 
stretch, and absorption bands at 2956 cm-1 and 2864 cm-1 for C-H aliphatic stretches.153 
The 1H NMR spectrum for compound CD-6 indicated the presence of a fuanoclerodane 
diterpenoid structure by resonances attributable to a β-subsitituted furan ring at δH 6.74 (d, J = 
1.8 Hz, H-14), δH 7.41 (t, J = 1.8 Hz, H-15) and δH 7.99 (brs, W1/2 = 3.0 Hz, H-16), one alkene 
double bond proton resonance at δH 6.57 (t, J = 5.0 Hz, H-3), one methoxy group singlet proton 
resonance at δH 3.66 (s, OCH3-18), and three methyl group proton resonance at δH 1.25 (s, 3H-
19), δH 0.85 (s, 3H-20) and δH 0.91 (d, J = 6.5 Hz, 3H-17). 
Compound CD-6 was identified as the methyl ester derivative of the known 12-oxo-hardwickic 
acid, previously isolated from Croton sonderianus.244  The 13C NMR data for compound CD-
6 (methyl ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oate) were found to be the 
same as those synthesized by McChesney and Silveira (1989).244  The 1H and the 13C NMR 
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data are given in Table 66.  The specific rotation for compound CD-6 was determined to be 
[α]25
D
 -68.9 (c 1.00, CHCl3). 
Table 66: Correlation table for NMR data of compound CD-6: Methyl ent-15,16-epoxycleroda-3,13(16),14-
trien-12-oxo-18-oate (12-Oxo-hardwickic acid methyl ester). 
No. 13C NMR (100 MHz) in 
CDCl3 
13C NMR (100 MHz) in 
C6D6 244 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1 19.1 CH2 19.3 1.76 m 
   1.51 m 
2 27.2 CH2 27.2 2.16 m 
   2.04 m 
3 137.7 CH 137.5 6.57 t J = 5.0 
4 142.0 C 142.3 - 
5 38.1 C 37.6 - 
6α 35.4 CH2 35.8 2.23 dt J = 3.5, 13.0 
6β   1.11 d J = 6.5, 13.0 
7α 27.5 CH2 27.7 1.41 m 
7β   1.41 m 
8 37.5 CH 38.4 1.86 m 
9 42.6 C 42.4 - 
10 47.2 CH 47.6 1.70 d J = 13.0 
11A 47.7 CH2 47.6 2.72 d J = 11.0 
11B   2.72 d J = 11.0 
12 195.2 C 193.8 - 
13 130.1 C 130.4 - 
14 109.0 CH 109.2 6.74 d J = 1.8 
15 144.4 CH 144.2 7.41 t J = 1.8 
16 147.0 CH 146.8 7.99 brs W1/2 = 3.0 
17 16.9 CH3 16.7 0.91 d J = 6.5 
18 168.0 C 166.7 - 
19 20.8 CH3 20.9 1.25 s 
20 17.9 CH3 17.7 0.85 s 
21 51.3 OCH3 50.7 3.66 s 
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5.2.7. Structural elucidation of compound CD-7: Ent-15,16-epoxycleroda-3,13(16),14-
trien-12-oxo-18-oic acid (Appendices 721-730)  
Compound CD-7 was isolated as a white solid from the methanol extract of the roots of Croton 
dictyophlebodes and was determined to be a previously unreported ent-15,16-epoxycleroda-
3,13(16),14-trien-12-oxo-18-oic acid. 
      
Figure 95: The structure of compound CD-7: Ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oic acid 
(showing correlations seen in the NOESY spectrum).      
The HRESIMS for compound CD-7 gave a [M+Na]+ peak at m/z 353.1728, indicating a 
molecular formula of C20H26O4.  This corresponded with eight degrees of unsaturation for 
compound CD-7.  The FTIR spectrum showed absorption bands for a carboxylic group at 3426 
cm-1 and at 1715 cm-1, and at 2924 cm-1 and 2856 cm-1 for C-H aliphatic stretches, and 
absorption band at 1682 cm-1 for a ketone carbonyl stretch.153 
The 1H, 13C and DEPT NMR spectral data of compound CD-7 showed similarities with those 
of the known compound CD-6.  Instead of a methyl ester group at C-18, a free carboxylic acid 
group (δC 171.1, C) was present at this position.  This was confirmed by the correlation 
observed in the HMBC spectrum between the C-18 carbon resonance with the H-3 (δH 6.80, t, 
J = 5.0 Hz) resonance. 
From the NOESY spectrum, the H-10 (δH 1.73, m) resonance showed correlations with the H-
8 (δH 1.86, m) and one of the H-11 (δH 2.74, d, J = 11.0 Hz) resonances as with compounds 
CD-1, CD-2 and CD-6 indicating β configurations.  Consistently, the NOESY spectrum also 
showed correlations between the 3H-20 (δH 0.85, s), 3H-19 (δH 1.25, s), and the 3H-17 (δH 
0.91, d, J = 6.5 Hz) resonances.  Therefore, the configurations at chiral centres of 3H-20, 3H-
19, and 3H-17 were confirmed to be on the α face of the molecule as shown in Figure 96.  A 
specific rotation for compound CD-7 was measured to be [α]25
D
 -20.1 (c 1.00, CHCl3).  A search 
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in the literature showed that 13C NMR chemical shifts, or similar structure to those of 
compound CD-7 had not been reported.  Therefore, compound CD-7 was determined to be a 
previously unreported ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oic acid. 
 
Figure 96: Key Selected NOESY Correlations for Compound CD-7. 
Table 67: Correlation table for NMR data of compound CD-7: Ent-15,16-epoxycleroda-3,13(16),14-trien-
12-oxo-18-oic acid 
No. 13C NMR (100 
MHz) in 
CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 19.1 CH2 1.76 m 2, 3, 5, 9, 10 1β, 2α, 2β, 10 17 
  1.51 m 5 1α, 2α, 2β, 10 2β, 6β 
2 27.4 CH2 2.19 dt J = 5.0, 13.0 3, 4 1α, 1β, 2β, 3 3 
  2.05 m 3, 4 1α, 1β, 2α, 3 3, 1β 
3 140.9 CH 6.80 t J = 5.0 1, 4, 5, 18 2α, 2β 2α, 2β, 19 
4 140.8 C - - - - 
5 38.0 C - - - - 
6α 35.3 CH2 2.23 dt J = 3.5, 13.0 4, 5, 7, 8, 10 6β, 7α, 7β 6β, 7α, 7β 
6β  1.11 m 4, 5, 7, 8, 10, 19 6α, 7α, 7β 1β, 6α 
7α 27.5 CH2 1.40 m 5, 8, 9, 17 6α, 6β, 7β, 8 6α 
7β  1.40 m 5, 8, 9, 17 6α, 6β, 7α, 8 6α 
8 37.5 CH 1.86 m 7, 9, 17, 20 7α, 7β, 17 10 
9 42.5 C - - - - 
10 47.3 CH 1.73 m 1, 2, 4, 5, 8, 9, 
11, 19, 20 
1α, 1β 8, 11A, 11B 
11A 47.7 CH2 2.74 d J = 11.0 8, 9, 10, 12, 20 11B 10, 16 
11B  2.74 d J = 11.0 8, 9, 10, 12, 20 11A 10, 16 
12 195.2 C - - - - 
13 130.1 C - - - - 
14 109.0 CH 6.74 d J = 1.8 13, 15, 16 15 15 
15 144.4 CH 7.41 t J = 1.8 13, 14, 16 14, 16 14 
16 147.0 CH 8.00 brs W1/2 = 3.0 13, 14, 15 15 11A, 11B, 17 
17 16.9 CH3 0.91 d J = 6.5 7, 8, 9 8 1α, 16, 19, 20 
18 171.1 C - - - - 
19 20.7 CH3 1.25 s 4, 5, 6, 10 - 3, 17, 20 
20 17.9 CH3 0.85 s 8, 9, 10, 11 - 11A, 17, 19 
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5.2.8. Structural elucidation of compound CD-8:  Ent-15,16-epoxycleroda-1,3,13(16),14-
tetraen-12-oxo-18-oic acid (Appendices 731-742)  
Compound CD-8 was isolated as a white solid from the methanol extract of the roots of Croton 
dictyophlebodes.  This was determined to be a new Δ1 derivative of compound CD-7, ent-
15,16-epoxycleroda-1,3,13(16),14-tetraen-12-oxo-18-oic acid. 
  
Figure 97: The structure of compound CD-8: Ent-15,16-epoxycleroda-1,3,13(16),14-tetraen-12-oxo-18-oic 
acid (showing correlations seen in the NOESY spectrum). 
The HRESIMS for compound CD-8 gave a [M+Na]+ peak at m/z 351.1578, corresponding to 
a molecular formula of C20H24O4 for the compound, indicating an extra double bond when 
compared to compound CD-7 with nine degrees of unsaturation.  The FTIR spectrum showed 
absorption bands at 3418 cm-1 and 1714 cm-1 for OH and carbonyl stretches of a carboxylic 
acid.  The FTIR spectrum also exhibited absorption bands at 2923 cm-1 and 2852 cm-1 for C-H 
aliphatic stretches and at 1682 cm-1 for a C=O stretch of a ketone.153 
The 1H and 13C NMR spectral data of compound CD-8 were similar to those of compound CD-
7, but, differed in having two additional double bond carbon resonances at δC 136.5 (C-1) and 
δC 124.9 (C-2) with their corresponding proton resonances δH 6.26 (dd, J = 6.5 Hz, 9.5 Hz) and 
δH 6.14 (dd, J = 5.0 Hz, 9.5 Hz) respectively.  The H-1 resonance showed coupling in the COSY 
spectrum with the H-10 (δH 2.79, d, J = 6.5 Hz) resonance, and the H-2 resonance with the H-
3 (δH 6.87, d, J = 5.0 Hz) resonance.  These assignments were confirmed by the HMBC 
spectrum which showed correlations between the H-1 and C-3 (δC 133.8, CH), and C-5 (δC 
39.1, C) resonances. 
The specific rotation for compound CD-8 was [α]23
D
 -76.0 (c 1.10, CHCl3).  The configurations 
at chiral centres were determined using the NOESY spectrum to be the same as those of the 
already described for compound CD-7.  A search in the literature showed that compound CD-
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8 (ent-15,16-epoxycleroda-1,3,13(16),14-tetraen-12-oxo-18-oic acid) has not been previously 
described. 
Table 68: Correlation table for NMR data of compound CD-8: Ent-15,16-epoxycleroda-1,3,13(16),14-
tetraen-12-oxo-18-oic acid. 
No. 13C NMR (100 
MHz) in 
CDCl3 
1H NMR (400 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1 136.5 CH 6.26 dd J = 6.5, 9.5 3, 5 2, 10 3, 10, 11α, 20 
2 124.9 CH 6.14 dd J = 5.0, 9.5  1, 3 3 
3 133.8 CH 6.87 d J = 5.0 1, 4, 5, 18 2 1, 2 
4 139.4 C - - - - 
5 39.1 C - - - - 
6α 34.2 CH2 2.32 m 7, 8, 10 6β, 7α, 7β 7α, 19 
6β  1.45 m 5, 7 6α, 7α, 7β 7β 
7α 27.5 CH2 1.45 m 5 6α, 6β, 7β, 8 6α 
7β  1.45 m 5 6α, 6β, 7α, 8 6β, 8 
8 36.9 CH 1.95 m 7 7α, 7β, 17 7β 
9 41.4 C - - - - 
10 49.4 CH 2.79 d J = 6.5 1, 2, 4, 5, 6, 8, 
9, 11, 19, 20 
1 1, 11B 
11A 47.5 CH2 2.86 d J = 15.0 8, 9, 12, 13, 20 11B 1 
11B  2.75 d J = 15.0 8, 9, 12, 13, 20 11A 10 
12 194.5 C - - - - 
13 129.8 C - - - - 
14 109.0 CH 6.71 d J = 1.8 15, 16 15 15 
15 144.3 CH 7.39 t J = 1.8 13, 14, 16 14, 16 14, 16 
16 147.2 CH 7.97 brs W1/2 = 3.0 13, 14, 15 15 15 
17 16.6 CH3 0.91 d J = 6.5 7, 8, 9 8 20 
18 171.4 C - - - - 
19 15.5 CH3 1.03 s 4, 5, 6, 10 - 6α 
20 18.9 CH3 0.99 s 8, 9, 10, 11 - 1, 17 
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5.2.9. Structural elucidation of compound CD-9:  Ent-trachylobane-2α,19-diol 
(Appendices 743-754)  
Compound CD-9 was isolated as a white solid from the methanol extract of the roots of Croton 
dictyophlebodes and was determined to be a new ent-trachyloban-2α,19-diol. 
     
Figure 98: The structure of compound CD-9: Ent-trachylobane-2α,19-diol (showing correlations seen in 
the NOESY spectrum). 
The HRESIMS for compound CD-9 gave a [M-H]- peak at m/z 303.2329, consistent with a 
molecular formula of C20H32O2 for this compound.  Five degrees of unsaturation were 
determined for compound CD-9.  The FTIR spectrum showed absorption bands at 3346 cm-1 
for hydroxyl group stretches and at 2918 cm-1  and 2852 cm-1 for C-H aliphatic stretches.153 
The 1H NMR spectrum for compound CD-9 showed one oxymethine proton resonance at δH 
3.85 (m), two oxymethylene proton resonances at δH 3.63 (d, J = 11.0 Hz) and δH 3.41 (d, J = 
11.0 Hz) and three methyl group singlet proton resonances at δH 1.12 (s), δH 1.00 (s) and δH 
0.96 (s). 
The 13C and DEPT NMR spectra for this compound showed 20 carbon resonances that included 
two oxygenated carbon resonances at δC 66.3 (CH2) and δC 64.5 (CH).  In total, three methyl 
carbon (CH3), eight methylene carbon (CH2), five methine carbon (CH), and four fully 
substituted carbon (C) resonances were observed for compound CD-9.  The absence of 
carbonyl and double bond carbon resonances in the 13C NMR spectrum, alongside the 
calculated five degrees of unsaturation suggested that compound CD-9 was a pentacyclic 
trachylobane diterpenoid. 
The methyl group proton resonance at δH 1.00 (s) was assigned as 3H-18 as it showed 
correlations in the HMBC spectrum with C-19 (δC 66.3, CH2), C-5 (δC 56.3, CH), C-4 (δC 40.6, 
C) and C-3 (δC 45.0, CH2) resonances.  The two resonances at δH 3.63 (d, J = 11.0 Hz) and δH 
3.41 (d, J = 11.0 Hz), were assigned as the two H-19 proton resonances, the resonance at δH 
0.89 (dd, J = 2.5 Hz, 12.0 Hz) was assigned as H-5 and the two coupled resonances at δH 2.11 
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(dd, J = 4.5 Hz, 6.5 Hz) and δH 0.85 (dd, J = 4.5 Hz, 12.0 Hz) were assigned as the two H-3 
resonances.  The two H-3 resonances were observed to be coupled with an oxymethine proton 
resonance at δH 3.85 (m) in the COSY spectrum, indicating hydroxylation at the C-2 position.  
In turn, the H-2 proton resonance was observed to couple with two H-1 proton resonances at 
δH 1.90 (m) and δH 0.67 (t, J = 11.5 Hz) in the COSY spectrum.  The corresponding carbon 
resonances for C-2 and C-1 were determined to be at δC 64.5 (CH) and δC 48.5 (CH2) from the 
HSQCDEPT spectrum, respectively.  From the HMBC spectrum, the C-1 carbon resonance 
showed correlations with a methyl group proton resonance at δH 0.96 (s, 3H-20) and the H-5 
resonance.  The carbon resonance for C-20 was found to occur at δC 16.5 (CH3) from the 
HSQCDEPT spectrum. The 3H-20 resonance showed correlations in the HMBC spectrum with 
carbon resonances at δC 56.3 (CH), δC 53.5 (CH) and δC 40.0 (C) for C-5, C-9 and C-10 
respectively.  The H-9 (δH 1.14, m) resonance showed correlations in the HMBC spectrum with 
carbon resonances for C-7, C-8, C-11, C-12, C-13 and C-15 (Table 69), as expected for a 
trachylobane diterpenoid.  In addition, the C-13 and C-15 carbon resonances showed 
correlations in the HMBC spectrum with the 3H-17 resonance (δH 1.12).  The COSY spectrum 
showed the following coupled sequences: H-5/two H-6/two H-7, H-9/two H-11/H-12/H-
13/two H-14 resonances as shown in Figure 99. 
 
Figure 99: Selected COSY correlations of compound CD-9. 
The description above suggested that compound CD-9 was a 2β,19-dihydroxytrachylobane.  
The relative configurations for compound CD-9 were assigned using the NOESY spectrum.  
From the NOESY spectrum correlations were observed between the two H-19 and H-2 
resonances, 2H-19 and 3H-20, H-5 and H-9, H-5 and 3H-18, 3H-18 and H-9, H-9 and H-12, 
H-12 and 3H-17, 3H-20 and H-14α, and H-14β with H-13 resonances (Figure 98). 
The specific rotation for compound CD-9 was [α]25
D
 -33.8 (c 1.00, CHCl3).  Compound CD-9 
(ent-trachyloban-2α,19-diol) was found to be a previously undescribed diterpenoid.  Ent-
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trachylobane diterpenoids have previously been reported from four African Croton species, C. 
macrostachyus, C. megalocarpoides, C. oligandrus and C. zambesicus.  However, this study 
represents a first report of hydroxylation at the C-2 position. 
Table 69: Correlation table for NMR data of compound CD-9: Ent-trachyloban-2α,19-diol 
No. 
13C NMR (125 
MHz) in CDCl3 
1H NMR (500 
MHz) 
CDCl3 (J in Hz) 
HMBC (H→C) COSY NOESY 
1α 48.5 CH2 1.90 m 2, 3, 5, 9, 10 1β, 2 2 
1β  0.67 t J = 11.5 2, 3, 5, 9, 10, 20 1α, 2 9, 3β 
2 64.5 CH 3.85 m  1α, 1β, 3α, 
3β 
1α, 3α, 11α, 
19A, 19B, 20 
3α 45.0 CH2 2.11 dd J = 4.5, 
12.0 
1, 2, 5, 18, 19 2, 3β 2, 19A 
3β  0.85 dd J = 4.5, 
12.0 
2, 4, 5, 18, 19 2, 3α 1β 
4 40.6 C - - - - 
5 56.3 CH 0.89 dd J = 2.5, 
12.0 
1, 3, 4, 6, 7, 9, 10, 18, 
19, 20 
6α, 6β 9, 18 
6α 20.3 CH2 1.57 m 4, 5, 7, 8, 10 5, 6β, 7α, 7β  
6β  1.25 m 4, 7, 8, 10 5, 6α, 7α, 7β  
7α 39.5 CH2 1.38 m 5, 6, 8, 9, 15 6α, 6β, 7β  
7β  1.23 m 5, 6, 8, 9, 14, 15 6α, 6β, 7α  
8 40.8 C - - - - 
9 53.5 CH 1.14 m 1, 7, 8, 10, 11, 12, 14, 
15, 20 
11α, 11β 
1β, 5, 12, 17, 
18 
10 40.0 C - - - - 
11α 20.2 CH2 1.90 m 8, 10, 12, 13, 16 9, 11β, 12 2 
11β  1.68 ddd J = 2.0, 
7.5, 9.5 
8, 9, 10, 12, 13, 16 
9, 11α, 12  
12 20.6 CH 0.60 brd J = 7.5 9, 11, 13, 15, 16, 17 11α, 11β, 13 9, 17 
13 24.4 CH 0.80 dd J = 3.0, 
7.5 
8, 11, 12, 16, 17 
12, 14α, 14β 14β 
14α 33.6 CH2 1.99 brs 7, 8, 9, 12, 13, 15, 16 13, 14β 14β, 20 
14β  1.13 m 7, 8, 9, 12, 13, 15, 16 13, 14α 13, 14α 
15α 50.5 CH2 1.38 m 7, 8, 9, 12, 13, 14, 16 17 15β  
15β  1.23 m 7, 8, 9, 12, 13, 14, 16 17 15α  
16 22.7 C - - - - 
17 20.7 CH3 1.12 s 12, 13, 15, 16 - 9, 12 
18 27.2 CH3 1.00 s 3, 4, 5, 19 - 5, 9 
19A 66.3 CH2 3.63 d J = 11.0 3, 4, 5, 18 19B 2, 3α, 20 
19B  3.41 d J = 11.0 3, 4, 5, 18 19A 2, 6α, 20 
20 16.5 CH3 0.96 s 1, 5, 9, 10 
- 
2, 14α, 19A, 
19B 
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5.2.10. Structural elucidation of compound CD-10:  Ent-trachylobane-18,19-diol 
(Appendices 755-759)  
Compound CD-10 was isolated as a white solid from the methanol extract of the roots of Croton 
dictyophlebodes.  This compound was identified to be the known ent-trachylobane-18,19-diol 
which was previously isolated from the root of Croton floribundus.245 
   
Figure 100: The structure of compound CD-10: Ent-trachylobane-18,19-diol (showing correlations seen in 
the NOESY spectrum).         
The LRMS for compound CD-10 gave a molecular ion peak [M]+ at m/z 304.2, consistent with 
a molecular formula of C20H32O2 and five degrees of unsaturation were determined.  The FTIR 
spectrum showed absorption bands at 3376 cm-1 for hydroxyl group stretches, and 2921 cm-1  
and 2853 cm-1 for C-H aliphatic stretches.153 
The 1H and 13C NMR data for compound CD-10 were similar to those of compound CD-9, 
except for the absence of a hydroxyl group at C-2β and the presence of an extra oxymethylene 
group.  The 13C NMR resonance for the additional oxymethylene carbon occurred at δC 74.2 
for compound CD-10.  The corresponding oxymethylene proton resonances for the H-18 were 
at δH 3.89 (d, J = 11.0 Hz, H-18A) and δH 3.35 (d, J = 11.0 Hz, H-18B).  Both oxymethylene 
protons were seen to correlate in the HMBC spectrum with the C-5 (δC 53.6) and C-3 (δC 30.4) 
resonances. 
From the NOESY spectrum, the two H-18 resonances showed correlations with the H-5 proton 
resonance, whereas the 3H-20 methyl group proton resonance showed a correlation with the 
two H-19 resonances.  The specific rotation for compound CD-10 was [α]22
D
  -43.9 (c 0.43, 
CH2Cl2) where a value of [α]
25
D
 -44 (c 1.00, CHCl3) was reported by Uchoa, et al. (2013).
245  
Compound CD-10 was determined to be a previously described ent-trachylobane diterpenoid, 
ent-trachylobane-18,19-diol.245 
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Table 70: Correlation table for NMR data of compound CD-10: Ent-trachylobane-18,19-diol 
No. 
13C NMR (125 MHz) in 
CDCl3 
13C NMR (125 MHz) in 
CDCl3 245 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
1α 39.0 CH2 39.0 1.53 m 
1β   0.74 m 
2α 17.4 CH2 17.3 1.54 m 
2β   1.46 m 
3α 30.4 CH2 30.4 1.99  m 
3β   0.93 m 
4 41.9 C 41.7 - 
5 53.6 CH 53.5 0.94 m 
6α 20.7 CH2 20.7 1.57 m 
6β   1.25 m 
7α 39.3 CH2 39.3 1.38 m 
7β   1.38 m 
8 40.6 C 40.6 - 
9 53.6 CH 53.5 1.13 m 
10 38.3 C 38.2 - 
11α 21.1 CH2 21.1 1.90 m 
11β   1.68 ddd J = 2.0, 7.5, 9.5 
12 20.7 CH 20.7 0.57 brd J = 7.5 
13 24.4 CH 24.4 0.80 dd J = 3.0, 7.5 
14α 33.6 CH2 33.5 1.99 m 
14β   1.13 m 
15α 50.5 CH2 50.5 1.38 m 
15β   1.23 m 
16 22.7 C 22.6 - 
17 20.7 CH3 20.7 1.12 s 
18A 74.2 CH2 74.0 3.89 d J = 11.0 
18B   3.35 d J = 11.0 
19A 64.2 CH3 65.0 3.92 d J = 11.0 
19B   3.73 d J = 11.0 
20 15.1 CH3 15.1 0.90 s 
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5.2.11. Structural elucidation of compound CD-11: Ent-kaur-16-en-19-oic acid 
(Appendices 760-767)  
Compound CD-11 was isolated as a white solid from the methanol extract of the roots of C. 
dictyophlebodes and was identified as the known ent-kaur-16-en-19-oic acid which was 
previously isolated from Croton pseudopulchellus,192,246 Baccharis minutiflora196 and Xylopia 
frutescens.247  
 
Figure 101: The structure of compound CD-11: Ent-kaur-16-en-19-oic acid. 
The LREIMS for compound CD-11 gave a molecular ion peak [M]+ at m/z 302, indicating a 
C20H30O2 molecular formula.  Six degrees of unsaturation were calculated for this compound.  
The FTIR spectrum showed absorption bands at 2929 cm-1 and 2852 cm-1 for C-H aliphatic 
stretches and at 1697 cm-1 for a carbonyl stretch.153    
The 1H NMR spectrum for compound CD-11 showed two methyl group singlet proton 
resonances at δH 1.23 (s, 3H-18) and δH 0.95 (s, 3H-20), two terminal methylene proton 
resonances at δH 4.80 (brs, W1/2 = 6.5 Hz, H-17A) and δH 4.74 (brs, W1/2 = 6.5 Hz, H-17B), and 
one allylic methine proton resonance (δH 2.63 (brs, W1/2 = 10.8 Hz)), typical of H-13 of a kaur-
16-ene diterpenoid.191  
The 13C and DEPT NMR spectra displayed the presence of twenty carbon signals for compound 
CD-11 including two methyl carbon (CH3), ten methylene carbon (CH2), three methine carbon 
(CH) and five fully substituted carbon (C) resonances.  A carbon resonance at δC 184.3 (C, C-
19) was attributed to the presence of a carboxylic carbonyl carbon, and δC 156.1 (C, C-16) and 
δC 103.2 (CH2, C-17) for exocyclic methylene carbon resonances as was observed for 
compound CH-1.  The carbonyl and the alkene double bond accounted for two degrees of 
unsaturation and, therefore, compound CD-11 was determined to be a tetracyclic 
diterpenoid.146 
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Compound CD-11 was identified as the known, ent-kaur-16-en-19-oic acid, by comparison of 
the 13C NMR data with the literature.247  The 1H and the 13C NMR data are given in Table 71.  
The specific rotation for compound CD-11 was determined to be [α]25
D
 -80.7 (c 1.00, CHCl3) 
whereas -84.0 was reported.176 
 
Table 71: Correlation table for NMR data of compound CD-11: Ent-kaur-16-en-19-oic acid 
No. 
13C NMR (125 MHz) in 
CDCl3 
13C NMR (50 MHz) in CDCl3 
247
 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
1α 40.9 CH2 40.7 1.89* brd J =  13.0 
1β   0.81 dt J =  4.0, 13.0 
2α 19.3 CH2 19.1 1.89* brd J =  13.0 
2β   1.43 m 
3α 38.0 CH2 37.8 2.17 d J =  14.5 
3β   1.01 dt J =  4.0, 14.5 
4 43.9 C 43.7 - 
5 57.3 CH 57.1 1.07 m 
6α 22.0 CH2 21.8 1.84* m 
6β   1.84* m 
7α 41.5 CH2 41.3 1.51 t J = 3.0 
7β   1.45 m 
8 44.4 C 44.2 - 
9 55.3 CH 55.1 1.06 m 
10 39.9 C 39.7 - 
11α 18.6 CH2 18.4 1.60* m 
11β   1.60* m 
12α 33.3 CH2 33.1 1.60* m 
12β   1.47 m 
13 44.1 CH 43.8 2.63 brs W1/2 = 10.8 
14α 39.9 CH2 39.7 1.98 dd J = 1.5, 10.8 
14β   1.13 dt J = 1.5, 5.0 
15α 49.2 CH2 48.9 2.06* d J = 6.5 
15β   2.06* d J = 6.5 
16 156.1 C 155.9 - 
17A 103.2 CH2 102.9 4.80 brs W1/2 = 6.5 
17B   4.74 brs W1/2 = 6.5 
18 29.1 CH3 28.9 1.23 s 
19 184.3 C 184.3 - 
20 15.8 CH3 15.6 0.95 s 
*Overlapped proton resonances 
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5.2.12. Structural elucidation of compound CD-12:  Acetyl aleuritolic acid (Appendices 
768-773)  
Compound CD-12 was isolated as a white crystalline solid from the methanol extract of the 
stem bark of C. dictyophlebodes and was identified as the known acetyl aleuritolic acid, 
previously isolated from many Croton species. 
 
Figure 102: The structure of compound CD-12: Acetyl aleuritolic acid. 
The 1H NMR spectrum for compound CD-12 showed the characteristic resonances for seven 
singlet methyl groups proton at δH 0.85 (s, 3H-23), δH 0.88 (s, 3H-24), δH 0.95 (s, 3H-25), δH 
0.88 (s, 3H-26), δH 0.95 (s, 3H-27), δH 0.94 (s, 3H-29) and δH 0.92 (s, 3H-30).  In addition, the 
1H NMR spectrum also showed one olefinic proton resonance at δH 5.52 (dd, J = 3.5 Hz, 8.0 
Hz, H-15) and one oxymethine proton resonance at δH 4.47 (dd, J = 5.0 Hz, 10.0 Hz, H-3α).  
An acetate methyl group proton resonance at δH 2.04 (s, 3H-OCOCH3) was also present in the 
1H NMR spectrum of compound CD-12.  The 1H NMR spectral data indicated that compound 
CD-12 was an acetylated pentacyclic triterpenoid, acetyl aleuritolic acid.176 
The 13C NMR spectrum showed the presence of thirty-two carbon resonances that were 
comparable to those reported by Carpenter et al. (1980).248     
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Table 72: Correlation table for NMR data of compound CD-12: Acetyl aleuritolic acid. 
No. 
13C NMR (125 MHz) in 
CDCl3 
13C NMR (25 MHz) in 
CDCl3 248 
1H NMR (500 MHz) 
CDCl3 (J in Hz) 
1α 37.6 CH2 37.4 1.59 m 
1β   1.00 m 
2α 23.7 CH2 23.4 1.62* m 
2β   1.62* m 
3 81.1 CH 80.8 4.47 dd  J = 5.0, 10.0 
4 37.9 C 37.6 - 
5 55.8 CH 55.6 0.86 m 
6α 19.0 CH2 18.7 1.91 m 
6β   1.91 m 
7α 35.6 CH2 35.3 1.21 m 
7β   1.11 m 
8 39.3 C 39.0 - 
9 49.3 CH 49.0 1.42 m 
10 37.5 C 37.3 - 
11α 17.5 CH2 17.3 1.61* m 
11β   1.44 m 
12α 31.5 CH2 31.2 2.35 m 
12β   1.93 m 
13 38.2 C 37.9 - 
14 160.8 C 160.5 - 
15 117.1 CH 116.8 5.52 dd  J = 3.5, 8.0 
16α 30.9 CH2 30.9 1.67 m 
16β   1.40 m 
17 51.7 C 51.5 - 
18 41.6 CH 41.6 2.28 dd  J = 2.5, 14.0 
19α 41.0 CH2 40.7 1.97 dd  J = 9.5, 14.0 
19β   1.29 m 
20 29.5 C 29.3 - 
21α 33.9 CH2 33.6 1.76 m 
21β   1.07 m 
22α 32.1 CH2 31.8  
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22β    
23 28.2 CH3 27.9 0.85 s 
24 16.8 CH3 16.6 0.88* s 
25 15.9 CH3 15.7 0.95 s 
26 28.9 CH3 28.6 0.88* s 
27 26.4 CH3 26.2 0.95 s 
28 184.3 C 184.4 - 
29 33.5 CH3 33.3 0.94 s 
30 22.5 CH3 22.4 0.92 s 
OCOCH3 
171.2 C 171.3 - 
OCOCH3 
21.5 CH3 21.6 2.04 s 
-COOH - - 11.60 s 
*Overlapped proton resonances 
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5.2.13. Structural elucidation of compound CD-13: 2-Methoxybenzyl benzoate 
(Appendices 774-784)  
Compound CD-13 was isolated as a white amorphous powder from the methanol extract of the 
roots of Croton dictyophlebodes and was identified as a known 2-methoxybenzyl benzoate, 
previously isolated from Desmos chinensis.249 
 
Figure 103: The structure of compound CD-13: 2-Methoxybenzyl benzoate. 
The LRESIMS for compound CD-13 gave a [M]+ peak at m/z 242 that suggested a molecular 
formula of C15H14O3, and nine degrees of unsaturation.  The FTIR spectrum showed absorption 
bands at 2925 cm-1  and 2852 cm-1 for C-H aliphatic stretches, 1722 cm-1 for a carbonyl stretch, 
and 1107 cm-1 for a C-O-C stretch.153 
The 1H NMR spectrum for compound CD-13 showed proton resonances in the aromatic region 
of the spectrum at δH 8.08 (dd, J = 1.8 Hz, 8.0 Hz, 2H, H-2/6), δH 7.55 (dd, J = 1.8 Hz, 8.0 Hz, 
1H, H-4), δH 7.42 (dd, J = 2.0 Hz, 8.0 Hz, 1H, H-6’), δH 7.41 (dd, J = 1.8 Hz, 8.0 Hz, 2H, H-
3/5), δH 7.32 (ddd, J = 1.0 Hz, 8.0 Hz, 9.3 Hz, 1H, H-4’), δH 6.97 (ddd, J = 1.8 Hz, 8.0 Hz, 
9.0Hz, 1H, H-5’) and δH 6.91 (dd, J = 2.0 Hz, 8.0 Hz, 1H, H-3’), an oxymethylene proton 
resonance at δH 5.42 (s, 2H, H-7’) and a methoxy group proton resonance at δH 3.86 (s, OCH3-
8’). 
The 13C NMR spectrum showed thirteen carbon resonances, which in conjunction with the MS 
data indicated symmetry in this compound.  A carbonyl carbon resonance was observed at δC 
166.8 and carbon reosnances at δC 157.7 (C, C-2’), δC 133.1 (CH, C-4), δC 130.6 (C, C-1), δC 
129.9 (CH, C-3/5), δC 129.7 (CH, C-2/6), δC 129.6 (CH, C-4’), δC 128.5 (CH, C-6’), δC 124.7 
(C, C-1’), δC 120.7 (CH, C-5’), δC 110.7 (CH, C-3’), δC 62.4 (CH2, C-7’) and δC 55.7 (OCH3, 
C-8’) were present.  An oxygenated methylene carbon resonance was observed at δC 62.4, 
whereas a methoxy group carbon resonance was observed at δC 55.7. 
From the COSY spectrum and the coupling constants, it was determined that compound CD-
13 had two benzene groups.  One benzene group was determined to be mono-substituted, 
whereas the second was disubstituted. 
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A search in the literature showed that compound CD-13 was the known 2-methoxybenzyl 
benzoate.249  Comparison of the 13C NMR data of the known and those of compound CD-13 
were comparable.  Benzyl benzoate has been reported previously from Croton alienus.16  
Table 73: Correlation table for NMR data of compound CD-13: 2-Methoxybenzyl benzoate. 
No. 13C NMR (100 MHz) in 
CDCl3 
13C NMR (150 MHz) in 
CDCl3 249 
1H NMR (400 MHz) 
CDCl3 (J in Hz) 
1 130.6 C 130.9 - 
2/6 129.7 CH 129.8 8.08 dd J = 1.8, 8.0 
3/5 129.9 CH 130.1 7.41 dd J = 1.8, 8.0 
4 133.1 CH 133.2 7.55 dd J = 1.8, 8.0 
7 166.8 C 167.0 - 
1’ 124.7 C 124.9 - 
2’ 157.7 C 158.0 - 
3’ 110.7 CH 110.9 6.91 dd J = 2.0, 8.0 
4’ 129.6 CH 129.8 7.32 ddd J = 1.0, 8.0, 9.3 
5’ 120.7 CH 120.9 6.97 ddd J = 1.8, 8.0, 9.0 
6’ 128.5 CH 128.7 7.42 dd J = 2.0, 8.0 
7’ 62.4 CH2 62.6 5.42 s 
8’ 55.7 OCH3 55.9 3.86 s 
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5.3. Conclusion 
This study represents the first phytochemical investigation of Croton dictyophlebodes, endemic 
to Tanzania.  Croton dictyophlebodes produces mainly ent-clerodane compounds that have 
been widely reported from many African Croton species.  The stem bark and the root of C. 
dictyophlebodes yielded eight ent-clerodane  diterpenoids, of which seven are reported for the 
first time, including methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-17,12R-olide-18-
oate CD-1, ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20-al CD-2, ent-3α,4α:15,16-
diepoxycleroda-13(16),14-dien-19,20-dioic acid CD-3, ent-3α,4α:15,16-diepoxycleroda-
13(16),14-dien-20,19-olide CD-4, methyl ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-
20,12S-olide-19-oate CD-5, ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oic acid 
CD-7 and ent-15,16-epoxycleroda-1,3,13(16),14-tetraen-12-oxo-18-oic acid CD-8 and, one 
compound reported previously as a synthetic derivative prepared by oxidation of the 12-
hydroxy group of hardwickic acid methyl ester was isolated for the first time from plant, methyl 
ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oate CD-6.244  Additionally, it produced 
a new ent-trachylobane, ent-trachylobane-2α,19-diol CD-9, the known ent-trachylobane-
18,19-diol CD-10, and a known ent-kaurane diterpenoid, ent-kaur-16-en-19-oic acid CD-11, 
alongside the known benzoic acid derivative, 2-methoxybenzyl benzoate CD-13 (Figure 104).  
It also produced acetyl aleuritolic acid CD-12 and linoleic acid that are very commonly found 
in African Croton species. 
The plant is locally known as Mshinduzi which is the same name used for three other Croton 
species namely, Croton jatrophoides, Croton macrostachyus and Croton sylvaticus.  In 
Tanzania, the fruits of Croton dictyophlebodes are used for the treatment of intestinal worms.242  
Croton dictyophlebodes produced highly oxygenated ent-clerodane derivatives similar to those 
reported from Croton macrostachyus.  In addition, the phytochemical similarities of Croton 
dictyophlebodes with Croton macrostachyus is further evidenced by their production of ent-
trachylobanes which are reported from only two other African Croton species, Croton 
zambesicus and Croton megalocarpoides.39,90  However, Croton dictyophlebodes produced an 
ent-kaurane diterpenoid alongside the benzoic acid derivative that were not isolated from 
Croton macrostachyus whereas tigliane and labdane diterpenoids were reported from Croton 
macrostachyus.76  
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Figure 104: Compounds isolated from the stem bark and root of Croton dictyophlebodes 
 
Ent-kaur-16-en-19-oic acid, CD-11, has been reported to have interesting biological activities 
such as possesses anti-bacterial, anti-fungal, anti-inflamatory anti-protozoal, anti-microbial, 
cyctotoxic and molluscical properties.250  Acetyl aleuritolic acid, CD-12 has been found to be 
active against Salmonella typhimurium and Salmonella aureus with a MIC value of 0.1 mg/ml 
251 as well as an analgesic activity with an ID50 of 21.60 mg/kg.
252  Acetyl aleuritolic acid has 
also been reported to show HIV reverse transcriptase inhibition.253  Acetyl aleuritolic acid has 
been reported from several Croton species including C. alienus, C. argyrodaphne, C. 
dichogamus, C. hovarum, C. lobatus, C. macrostachyus, C. megalocarpoides, C. 
megalocarpus, C. oligandrus, and C. pseudopulchellus. 
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CHAPTER 6 BIOLOGICAL ACTIVITIES OF ISOLATED 
DITERPENOIDS 
6.1. Introduction  
Thirty diterpenoids (Figure 105) isolated in this work from two Congolese (DR) species, 
Croton mubango and Croton haumanianus, and the Tanzanian Croton dictyophlebodes were 
submitted to the Development Therapeutics Program (DTP) of the National Cancer Institute 
(NCI) in the United States of America for anticancer activity screening.  These compounds, 
CM-2, CM-3, CM-4, CM-5, CM-9, CM-10, CM-11, CM-13, CM-15, and CM-17 isolated 
from C. mubango, compounds CH-4, CH-7, CH-10, CH-11, CH-12, CH-13, CH-15, CH-17, 
CH-19, CH-21 and CH-29 isolated from C. haumanianus and compounds  CD-1, CD-2, CD-
13, CD-4, CD-5, CD-7, CD-8, CD-9 and CD-10 isolated from C. dictyophlebodes, were 
evaluated against the NCI 60 panel of human tumour cell lines 
(http://dtp.nci.nih.gov/branches/btb/ivclsp.html) which are derived from nine cancer cell types 
including leukemia, non-small cell lung, colon, CNS, melanoma, ovarian, renal, prostate, and 
breast cancers.254  Compounds were evaluated at a single dose of 10-5 M.  Results for the single 
dose screen are given in the Appendix (Part 3, Appendices 793 to 822).  The tested compounds 
were nine ent-abietane, one ent-pimarane, one ent-isopimarane, two ent-trachylobane, eight 
ent-kaurane and nine ent-clerodane diterpenoids.   
Previously two seco-diterpenoids from two African Croton plants, C. barorum and C. goudotii 
have been shown to have potent anticancer activity.25  Crotobarin (18) from C. barorum gave 
IC50 values against KB, HT29, A549 and HL60 human tumour cell lines of 2.5, 2.1, 0.8 and 
0.6 µM respectively, whereas crotogaudin (45) from C. goudotii showed IC50 values against 
KB, HT29, A549 and HL60 human tumour cell lines of 1.5, 1.9, 0.5 and 0.5 µM respectively.25 
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Figure 105: Selected diterpenoids submitted to the NCI Drug Therapeutics Programme for evaluation in 
the NCI60 cancer cell line screen at one dose of 1 × 10-5 M 
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6.1.1. The NCI 60 human tumour cell line screen 
The NCI 60 Human Tumour Cell Line Screen has been used by the global cancer research 
community for almost thirty years.  This screen was implemented in full operation in 1990 and 
it utilizes 60 human tumour cell lines.  These have been used to identify and characterise new 
compounds with growth inhibition or lethality to tumour cell lines.   The programme is 
designed to screen around 3,000 small molecules (purified natural products or synthetic) each 
year for potential anticancer activity.186 
6.1.2. List of NCI 60 human tumour cell lines 
The human tumour cell lines used in the drug discovery NCI screening programme are showed 
in Table 74. 
Table 74: The list of NCI 60 human tumour cell lines.186 
Cell Line Name Panel Name Cell Line Name Panel Name 
CCRF-CEM Leukemia M14 Melanoma 
HL-60(TB) Leukemia MDA-MB-435 Melanoma 
K-562 Leukemia SK-MEL-2 Melanoma 
MOLT-4 Leukemia SK-MEL-28 Melanoma 
RPMI-8226 Leukemia SK-MEL-5 Melanoma 
SR Leukemia UACC-257 Melanoma 
A549/ATCC Non-Small Cell Lung UACC-62 Melanoma 
EKVX Non-Small Cell Lung IGR-OV1 Ovarian 
HOP-62 Non-Small Cell Lung OVCAR-3 Ovarian 
HOP-92 Non-Small Cell Lung OVCAR-4 Ovarian 
NCI-H226 Non-Small Cell Lung OVCAR-5 Ovarian 
NCI-H23 Non-Small Cell Lung OVCAR-8 Ovarian 
NCI-H322M Non-Small Cell Lung NCI/ADR-RES Ovarian 
NCI-H460 Non-Small Cell Lung SK-OV-3 Ovarian 
NCI-H522 Non-Small Cell Lung 786-0 Renal 
COLO 205 Colon A498 Renal 
HCC-2998 Colon ACHN Renal 
HCT-116 Colon CAKI-1 Renal 
HCT-15 Colon RXF 393 Renal 
HT29 Colon SN12C Renal 
KM12 Colon TK-10 Renal 
SW-620 Colon UO-31 Renal 
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SF-268 CNS PC-3 Prostate 
SF-295 CNS DU-145 Prostate 
SF-539 CNS MCF7 Breast 
SNB-19 CNS MDA-MB-231/ATCC Breast 
SNB-75 CNS MDA-MB-468 Breast 
U251 CNS HS 578T Breast 
LOX IMVI Melanoma BT-549 Breast 
MALME-3M Melanoma T-47D Breast 
 
This screen also allows the prioritization of selected compounds for further evaluation by the 
NCI in collaboration with the provider of the compounds.  The screening is obtainable at no 
cost to submitters, apart from the shipping costs.  Initially, the submitter provides details of the 
compounds, thereafter the request is reviewed and only those conforming to defined guidelines 
are selected for screening.  There is a limit of ten structural submission requests per thirty day 
period per researcher.186 
6.1.3. Methodology of the NCI 60 cell line in vitro screening  
The NCI 60 testing programme is performed in two parts, firstly screening is done against all 
the 60 cell lines at a single dose of 10-5 molar or 15 µg/mL.  If the results obtained meet the 
selection criteria, the compound is tested against the 60 cell lines in 5 x 10 fold dilutions with 
the highest dose being 10-4 M or 150 µg/mL.  Compounds accepted for the NCI 60 testing 
programme are prepared for both the 1-dose and 5-dose testing at the same time.186 
6.1.3.1. Interpretation of one-dose data 
The one-dose data is reported as a mean graph of the percent growth of treated cells and is 
similar in appearance to mean graphs from the 5-dose assay.  The number reported for the one-
dose assay is growth relative to the no-drug control, and relative to the time zero number of 
cells.  This allows detection of both growth inhibition (values between 0 and 100) and lethality 
(values less than 0).  This is the same as for the 5-dose assay. For example, a value of 100 
means no growth inhibition.  A value of 40 would mean 60% growth inhibition.  A value of 0 
means no net growth over the course of the experiment.  A value of -40 would mean 40% 
lethality.  A value of -100 means all cells are dead.186,255 
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6.1.4. Anticancer screening results of the diterpenoids 
Amongst the compounds isolated from Croton mubango, only one compound, CM-17, showed 
significant activity and selectivity against three of the 60 cancer cell lines at the single dose 
concentration of 10-5 M, the melanoma cancer cell line (MALME-3M, 98.96% cell death), the 
ovarian cancer cell line (IGROV1, 88.7% cell death) and the renal cancer cell line (UO-31, 
82.1% cell death) as shown in Figure 106.  Compounds CH-11, CH-12, CH-13, and CH-15 
from Croton haumanianus were found to be active in the NCI60 screening (Figure 107 -Figure 
110).  Compound CH-11 showed selective activity against three of the NCI 60 cancer cell 
lines, the colon (HCT-116, 100% cell death), the melanoma (M14, 100% cell death) and the 
renal (786-0, 100% cell death) cancer cell lines at a concentration of 10-5 M.  Compound CH-
12 showed selective activity against three of the NCI 60 cancer cell lines, the colon (HCT-116, 
100% cell death), the melanoma (M14, 100% cell death) and the renal (786-0, 99.77% cell 
death) cancer cell lines at a concentration of 10-5 M.  Compound CH-13 showed selective 
activity against three of the NCI 60 cancer cell lines, the colon (HCT-116, 100% cell death), 
the melanoma (M14, 100% cell death ) and the renal (786-0, 72.92% cell death) cancer cell 
lines at a concentration of 10-5 M.  Compound CH-15 showed selective activity against three 
of the NCI 60 cancer cell lines, the colon (HCT-116, 100% cell death), the melanoma (M14, 
100% cell death) and the renal (786-0, 100% cell death) cancer cell lines at a concentration of 
10-5 M. 
Unfortunately, these compounds were not selected for progression to the five dose assay.  
However, the compounds are being evaluated further at the University of Surrey against 786.0 
and HCT-116 cell lines to obtain IC50 values and to determine their possible mode of action.  
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Figure 106: One dose mean graph for compound CM-17 against NCI60 cancer cell panel 
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Figure 107: One dose mean graph for compound CH-11 against NCI60 cancer cell panel 
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Figure 108: One dose mean graph for compound CH-12 against NCI60 cancer cell panel 
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Figure 109: One dose mean graph for compound CH-13 against NCI60 cancer cell panel 
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Figure 110: One dose mean graph for compound CH-15a against NCI60 cancer cell panel 
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6.2. Conclusion 
The anticancer activity of isolated compounds from this study was evaluated by using the NCI 
60 human tumour cell line panel screening programme.  Ent-pimara-8(14),15-dien-3-one CM-
17, isolated from C. mubango showed significant antiproliferative activity against melanoma 
(MALME-3M), renal (UO-31) and ovarian cancer cell lines (IGRIOV1) whereas compounds 
ent-kaurane-3β,16β,17-triol CH-11, ent-17-palmityloxykaurane-3β,16β-diol CH-12, ent-17-
palmityloxykauran-16β-ol CH-13, ent-3α,18-cyclokaurane-16β,17-diol CH-15a and ent-17-
acetoxy-3α,18-cyclokauran-16β-ol CH-17a isolated from C. haumanianus showed selective 
activity against three of the NCI 60 cancer cell lines, the colon (HCT-116), the melanoma 
(M14) and the renal (786-0) cancer cell lines at a concentration of 10-5 M in the NCI 60 screen.  
Compounds from C. dictyophlebodes screened, showed no significant activity in the NCI 60 
screen (Appendices 814 to 822).  
 
 
Figure 111: Cytotoxic diterpenoids at a single dose of 10-5 M 
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CHAPTER 7 GENERAL CONCLUSION AND FUTURE WORK 
7.1. Conclusion 
In this work, two species, Croton mubango and Croton haumanianus, occurring in the 
Democratic Republic of Congo and Croton dictyophlebodes, endemic to the eastern arc 
montane of Tanzania were investigated.  There are twenty-nine species of the Croton genus 
that occur in the DR Congo and twenty-two species are reported to occur in Tanzania.47  In 
continental Africa, there are over three hundred Croton species and the phytochemistry of 
thirty-four has been investigated.  The classes of diterpenoids from the Croton taxa will be 
discussed.   
There are no previous reports of phytochemistry of Croton species from the DR Congo, 
however eight Croton species that occur in DR Congo but have been collected elsewhere have 
been studied.  These are, C. gratissimus Burch (South Africa), C. gratissimus var. 
Subgratissimus (South Africa), C. haumanianus (Congo Republic), C. hirtus (Costa Rica), C. 
macrostachyus (Ethiopia), C. mayumbensis (Chad), C. megalocarpus (Kenya), and C. 
sylvaticus (Kenya and Tanzania) which have been reported to yield diterpenoids of the 
cembrane, clerodane, trachylobane, halimane, kaurane, crotofolane and labdane classes.  There 
is little or no information on the phytochemistry and pharmacological relevance of the 
remaining twenty-one Congolese (DR) Croton species, namely C. brieyi, C. claessensii, C. 
congensis, C. draconopsis, C. dybowskii, C. elskensii, C. jansii, C. laciniatistylus, C. 
leuconeurus, C. leuconeurus subsp. Leuconeurus, C. longipedicellatus, C. longipedicellatus 
subsp. Longipedicellatus, C. megalobotrys, C. mubango, C. poggei, C. pseudoniloticus, C. 
pynaertii, C. seretii, C. vermoesenii and C. wellensii.157,158 
The twenty-two Croton species occurring in Tanzania are C. dichogamus, C. dictyophlebodes, 
C. hirtus, C. jatrophoides, C. kilwae, C. leuconeurus, C. leuconeurus subsp. leuconeurus, C. 
longipedicellatus, C. longipedicellatus subsp. austrotanzanicus, C. longipedicellatus var. 
glabrescens, C. longipedicellatus subsp. longipedicellatus, C. macrostachyus, C. 
megalobotrys, C. megalocarpoides, C. megalocarpus, C. menyharthii, C. polytrichus, C. 
polytrichus subsp. polytrichus, C. pseudopulchellus, C. scheffleri, C. steenkampianus and C. 
sylvaticus.47  Thus far, two species, C. jatrophoides and C. sylvaticus, collected from Tanzania, 
have been reported to yield clerodane and halimane diterpenoids.66,128  C. dichogamus from 
Kenya, which also occurs in Tanzania, has been reported to give crotofolane, halimane, casbane 
and clerodane diterpenoids.30 
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The predominant compounds isolated from African Croton species are diterpenoids.  Twelve 
African Croton species have yielded clerodane, six have yielded halimane, and six have yielded 
labdane diterpenoids.  Four produced kaurane, four produced trachylobane, two yielded 
atisane, one gave pimarane, five yielded tigliane, one yielded daphnane, two gave crotofolane, 
one yielded cembrane and one yielded abietane diterpenoids (Table 1).  Previously, alkaloids 
were reported from Croton species, mainly those of the Americas and Oceania, however, C. 
alienus, C. gubouga, C. lobatus and C. menyharthii have been shown to produced cyclohexane 
derivatives such as crotepoxide have also been reported from C. alienus, C. dichogamus, C. 
macrostachyus, C. gratissimus, C. oligandrus and C. steenkampianus (Table 1). 
Two Madagascan Croton species, C. barorum and C. goudotii, have been demonstrated to have 
anticancer activities.  The ethyl acetate extracts of C. barorum and C. goudotii were 100% 
active at 10 µg/mL against the murine lymphocytic leukemia P388 cell line,25  indicating that  
other African Croton species may also have anticancer compounds.  Therefore, thirty of the 
compounds isolated from the three plants, C. mubango and C. haumanianus, and C. 
dictyophlebodes, were submitted to the DTP-NCI anticancer programme. 
From Croton mubango, collected in the Democratic Republic of Congo, ent-abietanes (CM-1 
– CM-15) and two ent-pimaranes (CM-16, CM-17) were isolated in this study.  Twelve 
compounds, CM-2, CM-4 – CM-6, CM-10 – CM-11 and CM-17 and the ent-form of 
compounds CM-7 – CM-8, CM-12 and CM-14 – CM-15 are reported in this study for the first 
time.  The isolation of ent-abietane diterpenoids from this plant represents only the second 
report of ent-abietane diterpenoids from an African Croton.  The first report of ent-abieta-7,13-
dien-2-one and ent-abieta-7,13-dien-2α-ol was from the Kenyan Croton megalocarpus by a 
member of the Mulholland group.175  Structures of the compounds isolated in this study were 
established using HRESIMS, FTIR, NMR analysis and by comparison of the experimental and 
calculated electronic circular dichroism (ECD) spectra.  In addition, DP4+ probability 
calculations were used to determine the absolute configuration at C-9 and C-13 for compound 
CM-6.  DP4+ is a contemporary method that computes NMR shifts of isomeric compounds 
using quantum chemical calculations, which are then compared to the experimental NMR data 
in order to establish the stereochemistry of isomeric compounds.159 
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Figure 112: Structures of ent-diterpenoids (CM-1 – CM-17) isolated from Croton mubango. 
 
From Congolese (DR) Croton haumanianus, ent-kaurane (CH-1 – CH-17b), ent-labdane (CH-
18), ent-clerodane (CH-19 – CH-21, CH-28), phytane (CH-22) and ent-isopimarane (CH-29 
– CH-34) diterpenoids were isolated from the leaves and stem bark.  Seventeen compounds 
are reported in this study for the first time.  A unique kaurane (CH-15a), with an additional 
ring obtained through ring formation between C-3 and C-18 was isolated from this plant.  
Previously only one compound of this type with a 3,18-cyclopropane ring was reported from 
C. hirtus collected from Costa Rica,57 a plant that also occurs in DR Congo.   
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Figure 113: Structures of ent-diterpenoids (CH-1 – CH-22, CH-28 – CH-34) isolated from Croton 
haumanianus. 
 
From the Tanzanian Croton dictyophlebodes, ent-clerodane (CD-1 – CD-8), ent-trachylobane 
(CD-9 – CD-10) and ent-kaurane (CD-11) diterpenoids were isolated.  Nine of the compounds 
have not been reported from natural sources previously, therefore, this study represent the first 
report of the isolation of natural products from this plant.   
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Figure 114: Structures of ent-diterpenoids (CD-1 – CD-11) isolated from Croton dictyophlebodes. 
 
The genus Croton has previously been shown to produce a range of compounds including 
terpenoids, ﬂavonoids and alkaloids, of which some have been shown to have anticancer, 
antiinﬂammatory, antimalarial, antiulcer and antioxidant activities.14  African Croton species 
are important ethnomedicinal agents,  being used traditionally to treat various illnesses, 
including gastric diseases,256 wound healing,257,258 snake bites,259 diarrhoea, cancer,258 
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rheumatism, ulcers,258,260 malaria,261 chest complaints,30 gastrointestinal disturbances, diabetes, 
and high cholesterol.262 
Two classes of diterpenoids from this study, were determined to have selective anticancer 
activity, ent-kauranes (CH-11 – CH-17a) showed selective activity against three of the NCI 
60 cancer cell lines, the colon (HCT-116), the melanoma (M14) and the renal (786-0) cancer 
cell lines, and the ent-pimarane (CM-17) showed antiproliferative activity against melanoma 
(MALME-3M), renal (UO-31) and ovarian cancer cell lines (IGRIOV1) at a concentration of 
10-5 M in the NCI 60 screen. 
 
Figure 115: Structures of the cytotoxic diterpenoids from C. mubango and C. haumanianus. 
 
From C. mubango, one ent-pimarane (CM-17) showed selective activity.  This compound had 
a 3-keto group with unsaturation at the C-8(14) and C-16 positions.  The five ent-kaurane 
diterpenoids (CH-11, CH-12, CH-13, CH-15a and CH-17a) isolated from C. haumanianus 
were hydroxylated at the C-16 and C-17 positions.  CH-12 and CH-13 possessed a palmitate 
group at the C-17 position.  Compound CH-15a and CH-17a possed a cyclopropyl ring on ring 
A, whereas CH-11 and CH-12 had a hydroxyl group at the C-3 position.  Acetylation at the C-
17 lowered the anticancer activity of CH-17a compared to CH-15a.  It was interesting to note 
that of the six compounds of the thirty selected for screening, five were ent-kaurane 
diterpenoids that had a free hydroxyl group at C-16 and both compounds with palmityl esters 
were selectively active.  Anticancer activity for CH-11, CH-12, CH-13 and CH-15a against 
786.0 and HCT-116 cell lines is currently being undertaken in collaboration with the 
Department of Biochemical Sciences at the University of Surrey. 
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7.2.  Future work 
As a result of the successful isolation and screening of compounds from Croton species, it is 
recommended that other African Croton species be investigated, and compounds isolated be 
screened as widely as possible for successful biological activities.
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CHAPTER 8 MATERIALS AND METHODS 
8.1. Analytical and characterisation techniques   
The use of spectroscopic techniques including nuclear magnetic resonance, mass spectrometry, 
measurement of specific rotations and circular dichroism spectroscopy were employed to 
identify the chemical constituents of African Croton species. 
8.1.1. Nuclear magnetic resonance (NMR) spectroscopy  
NMR experiments were conducted on either a 400MHz or 500 MHz Bruker AVANCE III 
NMR spectrometer at the Department of Chemistry, Faculty of Engineering and Physical 
Science (FEPS), University of Surrey, UK.  The spectra were recorded in deuterated 
chloroform (CDCl3) and, in some cases, dimethyl sulfoxide (DMSO-d6).  The CDCl3 was 
referenced according to the central line at δ 7.26 in the 1H NMR spectrum and at δ 77.23 in the 
13C NMR spectrum.  The DMSO was referenced according to the central line at δ 2.50 in the 
1H NMR spectrum and at δ 39.51 in the 13C NMR spectrum.  The spectra were processed using 
Brucker NMR academic Topspin software (TopSpin 3.5pl7). 
8.1.2. Mass spectrometry (MS) 
HRMS spectra were recorded using an Agilent 1260 Infinity II coupled to an Agilent 6550 
Quadrupole Time-of-Flight mass spectrometer using electrospray ionisation. LC conditions 
were as follows: inj vol. 1.00 µL, column Agilent Extend-C18, flow rate 1.0 mL/min, mobile 
phase (positive mode) Solvent A: MeCN (0.1% formic acid), Solvent B: water (0.1% formic 
acid), mobile phase (negative mode) Solvent A: MeCN, Solvent B: water; gradient: 0 to 3 min, 
5% A; 3 to 3.5 min, 100% A; 3.5 to 4 min, 5% A. GC-MS analysis was carried out using an 
Agilent Technologies 6890N and GC system coupled to an Agilent Technologies HP5973 mass 
electron detector with samples dissolved in CH2Cl2. 
8.1.3. Fourier-transform infrared spectroscopy (FTIR) 
Infra-red (IR) spectra were recorded in the range 600-4000 cm-1 using a PerkinElmer Spectrum 
Two FT-IR Spectrometer at the Department of Chemistry, Faculty of Engineering and Physical 
Sciences, University of Surrey, UK. 
8.1.4. Polarimetry 
Optical rotation values were measured between 22 οC and 23 οC in CH2Cl2 using a JASCO-P-
1020 polarimeter at the Department of Chemistry, FEPS, University of Surrey.  Specific 
rotational values were calculated using the equation: [α]DT = α/lc. In this equation, α is the 
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observed rotation in degrees, l is path length in decimetres and c is the concentration in g/ml.  
A weighed amount of each compound was dissolved in 1 mL of CH2Cl2.  Quartz cuvettes of 1 
cm path length were used for analysis. 
8.2. Plants materials and extractions  
The leaves of Croton mubango were collected in April 2017 from Kikwit forest, 5ο02'19"S and 
18ο49'05"E, Kwilu province, Democratic Republic of the Congo by Prof. Blaise M. Mbala.  A 
voucher specimen, H. Breyne 3241, has been retained at the INRA Herbarium, University of 
Kinshasa.  The leaves and stem bark of Croton haumanianus were collected in May 2017 from 
Kisangani forest, 0ο30'55"N and 25ο11'28"E, Tshopo province, Democratic Republic of the 
Congo by Prof. Blaise M. Mbala.  A voucher specimen, T. Hart 103, has been retained at the 
INRA Herbarium, University of Kinshasa.  The stem bark and root of Croton dictyophlebodes 
were collected in April 2018 from Lushoto, 4ο57'54"S and 38ο30'6"E, Tanga Region, Tanzania 
by Mr. Frank M. Mbago.  A voucher specimen, FMM 3868, has been retained at the Herbarium 
of the Botany Department, University of Dar es Salaam. 
The samples were collected in nylon bags with the mouth left open for aeration and transported 
to the Chemistry laboratory of the University of Surrey.  The collected plant materials were cut 
into small pieces and air dried.  The dried pieces were pulverized using a laboratory hammer 
mill with a sieve diameter of 1 mm and stored in a well-ventilated environment.  Weighed 
amounts of the dried, pulverized plant materials were extracted by agitation on a shaker, in an 
aspirator bottle, with 2.5 litres of CH2Cl2 for 48 hours after which it was filtered.  This process 
was repeated with 2.5 litres of MeOH for another 48 hours and then filtered.  The extracts were 
evaporated to dryness using a rotary evaporator at 50 οC to yield the crude extracts.  Flowcharts 
detailing compound extractions are giving in Scheme 15 - Scheme 20.  Prior to evaporation to 
dryness, thin layer chromatography (TLC) was run using a silica gel precoated on an aluminium 
TLC plate (silica gel 60 F254) and 100% CH2Cl2 as the solvent.   
8.2.1. Dry packing of crude extracts   
Weighed amount of the plant extracts were dissolved in a small amount of CH2Cl2 and mixed 
with silica gel.  This was left to dry over a week, then crushed into powdered material and was 
packed into a Biotage System chromatography column. 
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8.2.2. Isolation and purification 
Flash chromatography (Biotage SP1 system) was carried out using three solvents, firstly a 
hexane/CH2Cl2 step gradient starting with 100% hexane and gradually increasing the 
concentration of dichloromethane to 100%.  Secondly, CH2Cl2/EtOAc from the last 
concentration (100% CH2Cl2) to 50% ethyl acetate and compounds were detected using 
wavelengths of 254 nm.  Subsequent purifications employed column and preparative thin layer 
chromatographic techniques.  Column chromatography was carried out using different column 
sizes (1-3 cm diameter), which were packed with silica gel (Merck Art. 9385) in selected 
solvent systems or Sephadex (LH 20) in CH3OH/CH2Cl2.  Preparative thin layer 
chromatography (PTLC) was also employed for further purification; the samples were applied 
about 1 cm from the bottom of the TLC plate.  The plates were then placed in chromatographic 
tanks and left to develop in the selected solvent systems.  The developed plates were viewed 
under UV light and marked.  The marked portions of the TLC plates were then scraped off the 
plate and dissolved in a similar solvent system to that in which the plate was developed.  The 
solution was then filtered and dried in fume hood.  Throughout all these stages, thin layer 
chromatography (0.2 mm silica gel, aluminium-backed plates, Merck Art. 5554) was used to 
monitor the fractions that had the same retention value on TLC, and to choose the best solvent 
system to be used in the chromatography.  The compounds on TLC were first detected using a 
UV-lamp at 254 nm and then developed using anisaldehyde spray reagent (1% p-anisaldehyde: 
2% sulphuric acid: 97% cold methanol) followed by heating.  
8.3. Preparation of derivatives  
8.3.1. Acetylation of hydroxylated compounds 
Pyridine (1 mL) and acetic anhydride (1 mL) were added to the sample (5.0 mg) in a round 
bottomed flask.  The reaction was allowed to stand for 24 hours.  MeOH (5 mL) was added to 
the sample to remove the excess acetic anhydride followed by the addition of toluene (3 x 10 
mL) to remove the pyridine.  After each addition, the solvents were evaporated off using the 
rotary evaporator.  Subsequently, MeOH (4 x 10 mL) was added to remove the toluene from 
the sample.  This was spotted on a TLC plate to determine whether the reaction was successful. 
8.3.2. Methylation of ent-isopimara-7,15-dien-18-oic acid 
Methylation of the ent-isopimara-7,15-dien-18-oic acid was carried out by adding 40 mg of 
powdered potassium hydroxide to acetone (10 mL) and stirring for 10 minutes at 25 οC.  5.0 
mg of ent-isopimara-7,15-dien-18-oic acid (CH-31), was added to the mixture, followed by 
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methyl iodide (3 mL).  Stirring was sustained for 2 hours, then, the reaction was poured into 
water (20 mL) and extracted with CH2Cl2 (3 x 20 mL).  The organic extracts were washed with 
water (3 x 10 mL) and dried over MgSO4 for about 24 hours.  The solution was filtered and 
concentrated using a rotary evaporator.263 
8.4. Computational methods 
8.4.1. DP4+ calculations 
Systematic conformational searches of the different isomers were carried out using the 
Spartan’16 software using molecular mechanics force field calculations (MMFF).  Conformers 
under 2.0 kcal/mol energy cut-off were selected and optimized using the DFT method at the 
B3LYP/6-31G* level (gas phase).  The magnetic shielding constants (σ) were computed using 
the gauge-including atomic orbital (GIAO) method at the mPW1PW91/6-31+G** level of 
theory.  The calculations were carried out in solution (IEFPCM, solvent: CHCl3).  The 
computed shielding tensors were Boltzmann averaged for the selected conformations and 
introduced to the Excel spreadsheet provided by Grimblat et al. (2015)159 to facilitate DP4+ 
probability calculations. 
8.4.2. Electronic circular dichroism (ECD) analysis 
The ECD spectra were measured on an Applied Photophysics Chirascan CD spectrometer 
using a 1 mm cell with acetonitrile as solvent.  Systematic conformational searches of ent- and 
normal isomers of the diterpenoids were carried out via the Spartan’16 program using 
molecular mechanics force ﬁeld calculations (MMFF).  Conformers under 3.0 kcal/mol were 
optimized using the DFT method at the B3LYP/6-31+G** level.  ECD spectra were simulated 
using Time Dependant Density Functional Theory (TDDFT) at the B3LYP/6-31+G** level 
(Gaussian 09).  A polarizable continuum model (IEFPCM, solvent: acetonitrile) was applied 
in the calculations to mimic the effects of the solvent used in the experimental ECD spectra.  
The theoretical ECD spectra of the conformers were Boltzmann weighted and compared to the 
respective experimental ECD spectra (Nugroho and Morita, 2014).264 
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8.5. Physical data of compounds isolated from C. mubango, C. haumanianus and C. 
dictyophlebodes 
8.5.1. Constituents of Croton mubango 
8.5.1.2. Physical data for compound CM-1 
Ent-abieta-7,13-dien-3-one (CM-1): yellow solid; (9 mg) [α]22
D
 -20 (c 0.20, CH2Cl2); IR (NaCl) 
νmax  (cm-1): 3055, 2965, 2930, 2869, 1705; ECD (CH3CN) λ (Δε) 290 nm (+7), 205 nm (-16), 
197 nm (-18); 1H, 13C NMR and 2D NMR data are given in Table 2; [M]+ at m/z 286.1; 
HRESIMS m/z 287.2373 [M+H]+ (calcd. C20H30O + H, m/z 287.2375).  
8.5.1.3. Physical data for compound CM-2 
Ent-2α-hydroxyabieta-7,13-dien-3-one (CM-2): yellow solid; (7 mg) [α]22
D
 -25 (c 0.20, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3429, 3057, 2964, 2874, 1714, 1463; ECD (CH3CN) λ (Δε) 
290 nm (+8), 215 nm (-14), 197 nm (-18); 1H, 13C NMR and 2D NMR data are given in  Table 
3; HRESIMS m/z  301.2171 [M-H]- (calcd. C20H30O2 – H, m/z 301.2173). 
8.5.1.4. Physical data for compound CM-3 
Ent-2α-acetoxyabieta-7,13-dien-3-one (CM-3): yellow solid; (4 mg) [α]22
D
 -10 (c 0.50, CH2Cl2); 
IR (NaCl) νmax  (cm-1): 3473, 3058, 2964, 2875, 1727, 1683; 1H, 13C NMR and 2D NMR data 
are given in  Table 4; GCMS; [M]+ at m/z 344.2 (C22H32O3). 
8.5.1.5. Physical data for compound CM-4 
Ent-15-hydroxyabieta-7,13-dien-3-one (CM-4): yellow solid; (1 mg) [α]22
D
 -45 (c 0.10, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3428, 3057, 2970, 2934, 2876, 1712, 1263; 1H, 13C NMR and 
2D NMR data are given in  Table 5; HRESIMS m/z 320.2590 [M+NH4]
+ (calcd. for C20H30O2 
+ NH4 , m/z 320.2584). 
8.5.1.6. Physical data for compound CM-5 
Ent-13β,15-dihydroxyabieta-8(14)-en-3-one (CM-5): yellow solid; (4 mg) [α]23
D
  -55 (c 0.20, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3428, 2970, 2936, 2869, 1705; ECD (CH3CN) λ (Δε) 290 nm 
(+0.6), 202 nm (-13); 1H, 13C NMR and 2D NMR data are given in  Tables 6 and 7; HRESIMS 
m/z  319.2282 [M-H]- (calcd. for C20H32O3 – H, m/z 319.2279).  
8.5.1.7. Physical data for compound CM-6 
2β,9,13-Trihydroxy-ent-abieta-7-en-3-one (CM-6): yellow solid; (2 mg) [α]22
D
 -40 (c 0.40, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3428, 3057, 2966, 2935, 2874, 1713, 1463; 1H, 13C NMR and 
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2D NMR data are given in  Table 8; HRESIMS m/z  359.2178 [M+Na]+  (calcd. for C20H32O4 
+ Na, m/z  359.2193). 
8.5.1.8. Physical data for compound CM-7 
Ent-abieta-8,11,13-trien-3-one (CM-7): yellow solid; (6 mg) [α]22
D
 -40 (c 0.10, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 2961, 2919, 2850, 1706, 1462, 1262; 1H, 13C NMR and 2D NMR data are 
given in  Table 9; GCMS tR=23.9 min. m/z (EI) 284.1 (M+, 44%), 269 ([M-CH3]
+, 81%), 227 
(100%), 185 (31%), 143 (36%), 91 (17%); HRESIMS m/z 285.2219 [M+H]+ (calcd. C20H28O 
+ H, m/z 285.2218) 
8.5.1.9. Physical data for compound CM-8 
Ent-7α-hydroxyabieta-8,11,13-trien-3-one (CM-8): yellow solid; (4 mg) [α]22
D
 -5 (c 0.40, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3431, 3055, 2964, 2930, 2874, 1706, 1462, 1386, 1265, 736; 
1H, 13C NMR and 2D NMR data are given in  Table 10; GCMS tR=26.0 min. m/z (EI) 300.1 
(M+, 1%), 282 (12%), 225 (9%), 197 (100%), 183 (16%), 141 (15%); HRESIMS m/z 301.2169 
[M+H]+ (calcd. C20H28O2 + H, m/z 301.2168).  
8.5.1.10. Physical data for compound CM-9 
Ent-7α-acetoxyabieta-8,11,13-trien-3-one (CM-9): yellow solid; (2 mg) [α]22
D
 -20 (c 0.10, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3055, 2961, 2926, 2853, 1732, 1709, 1238; 1H, 13C NMR and 
2D NMR data are given in  Table 11; GCMS; [M]+ at m/z 342.1 (C22H30O3). 
8.5.1.11. Physical data for compound CM-10 
Ent-2α,7α-dihydroxyabieta-8,11,13-trien-3-one (CM-10): yellow solid; (2 mg) [α]22
D
 -40 (c 
0.10, CH2Cl2); IR (NaCl) νmax  (cm-1): ECD (CH3CN) λ (Δε) 290 nm (+3), 215 nm (-4);  3436, 
2963, 2931, 2874, 1715, 1679, 1261; 1H, 13C NMR and 2D NMR data are given in  Table 12; 
HRESIMS m/z  317.2116 [M+H]+ (calcd. for C20H28O3 + H, m/z 317.2111). 
8.5.1.12. Physical data for compound CM-11 
Ent-15-hydroxyabieta-8,11,13-trien-3-one (CM-11): yellow solid; (3 mg) [α]22
D
 -10 (c 0.30, 
CH2Cl2); IR (NaCl) νmax  (cm-1): 3436, 2969, 2933, 2870, 1705; 1H, 13C NMR and 2D NMR 
data are given in  Table 13; HRESIMS m/z  301.2172 [M+H]+ (calcd. for C20H28O2 + H, m/z  
301.2162). 
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8.5.1.13. Physical data for compound CM-12 
Ent-abieta-8,11,13-trien-3β-ol (CM-12): yellow solid; (4 mg) [α]22
D
 -5 (c 0.20, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 3419, 3053, 2962, 2870, 1265, 1091, 1033, 738; 1H, 13C NMR and 2D 
NMR data are given in  Table 14; GCMS tR=24.4 min. m/z (EI) 286.1 (M
+, 29%), 271 ([M-
CH3]
+, 35%), 253 (100%), 185 (28%), 159 (26%); HRESIMS m/z 285.2214 [M-H]- (calcd. 
C20H30O – H, m/z 285.2218). 
8.5.1.14. Physical data for compound CM-13 
Ent-3β-acetoxyabieta-8,11,13-triene (CM-13): yellow solid; (2 mg) [α]22
D
 -20 (c 0.10, CH2Cl2); 
IR (NaCl) νmax  (cm-1): 3391, 2964, 2874, 1682, 1244; 1H, 13C NMR and 2D NMR data are 
given in  Table 15; GCMS tR=24.4 min. m/z (EI) 328.1 (C22H32O2). 
8.5.1.15. Physical data for compound CM-14 
Ent-abieta-8,11,13-trien-15-ol (CM-14): yellow solid; (4 mg) [α]22
D
 -20 (c 0.10, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 3392, 2927, 2867, 1264, 738; 1H, 13C NMR and 2D NMR data are given in  
Table 16; GCMS tR=23.8 min. m/z (EI) 286.1 (M
+, 1%), 268 (68%), 253 (100%), 197 (21%), 
183 (53%), 171 (86%), 167 (80%); HRESIMS m/z 269.2267 [M-H2O+H]
- (calcd. C20H30O –
H2O + H, m/z 269.2269). 
8.5.1.16. Physical data for compound CM-15 
Ent-abieta-8,11,13-trien-6α-ol (CM-15): yellow solid; (3 mg) [α]22
D
 -5 (c 0.20, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 3416, 2959, 2927, 2868, 1461; 1H, 13C NMR and 2D NMR data are given 
in Table 17; HRESIMS m/z  287.2361 [M+H]+ (calcd. for C20H30O + H, m/z 287.2369). 
8.5.1.17. Physical data for compound CM-16 
Ent-pimara-8(14),15-dien-3β-ol (CM-16): white solid; (8 mg) [α]22
D
 -36 (c 0.10, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 3421, 2917, 2849; 1H, 13C NMR and 2D NMR data are given in  Table 18; 
GCMS tR=24.4 min. [M]
+ at m/z 288.1 (C20H32O). 
8.5.1.18. Physical data for compound CM-17 
Ent-pimara-8(14),15-dien-3-one (CM-17): white solid; (3 mg) [α]23
D
  -40 (c 0.10, CH2Cl2); IR 
(NaCl) νmax  (cm-1): 3082, 2955, 2871, 1706; ECD (CH3CN) λ (Δε) 290 nm (+3), 205 nm (-49), 
192 nm (-45); 1H, 13C NMR and 2D NMR data are given in Table 19; HRESIMS m/z 309.2197 
[M+Na]+ (calcd. for C20H30O + Na, m/z 309.2189). 
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8.5.1.19. Physical data for compound CM-18 
2-Phyten-1-ol (CM-18): white solid; (6 mg) [α]22
D
 -50 (c 0.40, CH2Cl2); 
1H, 13C NMR and 2D 
NMR data are given in Table 20; GCMS [M]+ at m/z 296.1 (C20H40O). 
8.5.1.20. Physical data for compound CM-19 
Caryophyllene oxide (CM-19): brown solid; (5 mg) [α]22
D
 -16.7 (c 0.30, CH2Cl2); IR (NaCl) 
νmax (cm-1): 3082, 2926, 2868, 1461, 1367, 1265, 738; 1H, 13C NMR and 2D NMR data are 
given in Table 21; GCMS [M]+ at m/z 220.2 (C15H24O). 
8.5.1.21. Physical data for compound CM-20 
132-Hydroxy-(132-S)-phaeophytin-a (CM-20): Dark brown solid; (20 mg) [α]22
D
 +16.5 (c 0.20, 
CH2Cl2); IR (NaCl) νmax (cm-1): 3504, 3383, 2955, 2867, 1739, 1712, 1621, 1366; 1H, 13C NMR 
and 2D NMR data are given in Table 22.  
8.5.2. Constituents of Croton haumanianus 
8.5.2.1. Physical data for compound CH-1 
Ent-kaur-16-ene (CH-1): white solid; (22 mg) [α]20
D
  -51.5 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-
1 3066, 2922, 2850, 1656, 1461, 872; 1H, 13C NMR and 2D NMR data are given in Table 23; 
GCMS tR=22.3 min. m/z (EI) 272 (M
+, 50%), 257 ([M-CH3]
+, 100%), 229 (65%), 213 (41%), 
105 (51%), 91 (63%).  
8.5.2.2. Physical data for compound CH-2 
Ent-kaur-15-en-17-ol (CH-2): white solid; (138 mg) [α]20
D
  -40.6 (c 1.00, CH2Cl2); IR νmax 
(NaCl) cm-1 3289, 2927, 2850, 1445; 1H, 13C NMR and 2D NMR data are given in Table 24; 
GCMS tR=25.1 min. m/z (EI) 288 (M
+, 44%), 273 ([M-CH3]
+, 70%), 255 (58%), 163 (100%), 
105 (51%), 91 (99%).  
8.5.2.3. Physical data for compound CH-3 
Ent-kaur-15-ene-17,19-diol (CH-3): white solid; (5 mg) [α]21
D
  -49.0 (c 0.80, CH2Cl2); IR νmax 
(NaCl) cm-1 3417, 3055, 2927, 2850 1265, 738; 1H, 13C NMR and 2D NMR data are given in 
Table 25; GCMS [M]+ at m/z 304.2 (C20H32O2).  
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8.5.2.4. Physical data for compound CH-4 
Ent-kaur-15-ene-3β,17-diol (CH-4): yellow solid; (4 mg) [α]21
D
  -52.0 (c 1.00, CH2Cl2); IR νmax 
(NaCl) cm-1 3407, 2930, 2856, 1446, 738; 1H, 13C NMR and 2D NMR data are given in Table 
26; HRESIMS m/z 322.2730 [M+NH4]
+  (C20H36O2N requires 322.2741). 
8.5.2.5. Physical data for compound CH-5 
Ent-16R-kauran-17-al (CH-5): white solid; (119 mg) [α]21
D
 -62.5 (c 1.00, CH2Cl2); IR νmax 
(NaCl) cm-1 2924, 2851, 1724, 1463; 1H, 13C NMR and 2D NMR data are given in Table 27; 
HRESIMS m/z 289.2535 [M+H]+ (C20H32O + H, requires 289.2531). 
8.5.2.6. Physical data for compound CH-6 
Ent-19-hydroxy-16R-kauran-17-al (CH-6): white solid; (50 mg) [α]21
D
 -72.8 (c 1.00, CH2Cl2); 
IR νmax (NaCl) cm-1 3443, 3055, 2931, 2864, 1718, 1266, 738; 1H, 13C NMR and 2D NMR data 
are given in Table 28; GCMS tR=29.3 min. m/z (EI) 304 (M
+, 8%), 286 (61%), 247 (78%), 229 
(70%), 121 (100%). 
8.5.2.7. Physical data for compound CH-7 
Ent-3β-hydroxy-16R-kauran-17-al (CH-7): white solid; (6 mg) [α]21
D
 -77.4 (c 0.57, CH2Cl2); IR 
νmax (NaCl) cm-1 3418, 2932, 2865, 1717; 1H, 13C NMR and 2D NMR data are given in Table 
29; HRESIMS m/z 305.2464 [M+H]+ (C20H32O2 + H, requires 305.2475). 
8.5.2.8. Physical data for compound CH-8 
Ent-16S,17-epoxykaurane (CH-8): white solid; (31 mg) [α]21
D
  -64.3 (c 1.00, CH2Cl2); IR νmax 
(NaCl) cm-1 2959, 2851, 1442, 1367, 1278; 1H, 13C NMR and 2D NMR data are given in Table 
30; GCMS tR=24.4 min. m/z (EI) 288 (M
+, 36%), 273 ([M-CH3]
+, 81%), 123 (100%), 91 (75%).  
8.5.2.9. Physical data for compound CH-9 
Ent-16S,17-epoxykauran-19-ol (CH-9): white solid; (6 mg) [α]22
D
  -59.7 (c 1.00, CH2Cl2); IR 
νmax (NaCl) cm-1 3420, 2930, 2865, 1449, 1267; 1H, 13C NMR and 2D NMR data are given in 
Table 31; HRESIMS m/z 305.2477 [M+H]+ (C20H32O2 + H, requires 305.2480).  
8.5.2.10. Physical data for compound CH-10 
Ent-16S,17-epoxykauran-3β-ol (CH-10): white solid; (25 mg) [α]22
D
  -58.3 (c 1.00, CH2Cl2); IR 
νmax (NaCl) cm-1 3253, 2931, 2866, 1266; 1H, 13C NMR and 2D NMR data are given in Table 
32;  HRESIMS m/z  303.2332 [M-H]- (C20H31O2 requires 303.2330). 
 8. Materials and Methods 
286 
 
 
8.5.2.11. Physical data for compound CH-11 
Ent-kaurane-3β,16β,17-triol (CH-11): white solid; (20 mg) [α]22
D
  -71.2 (c 1.00, CH2Cl2); IR 
νmax (NaCl) cm-1 3384, 2931, 2869, 1046; 1H, 13C NMR and 2D NMR data are given in Table 
33; HRESIMS m/z 321.2443 [M-H]+ 
8.5.2.12. Physical data for compound CH-12 
Ent-17-palmityloxykaurane-3β,16β-diol (CH-12): white solid; (3 mg) [α]22
D
  -80.0 (c 1.00, 
CH2Cl2); IR νmax (NaCl) cm-1 3445, 2919, 2850, 1720, 1029; 1H, 13C NMR and 2D NMR data 
are given in Table 34; HRESIMS m/z  HRESIMS m/z  584.4713 [M+Na]+  (C36H64O4Na 
requires 584.4731). Palmitic acid 255.2326 [M-H]- (C16H31O2 requires 255.2330).  
8.5.2.13. Physical data for compound CH-13 
Ent-17-palmityloxykauran-16β-ol (CH-13) white solid; (17 mg) [α]22
D
  -81.5 (c 1.00, CH2Cl2); 
IR νmax (NaCl) cm-1 3510, 2919, 2850, 1721, 1463; 1H, 13C NMR and 2D NMR data are given 
in Table 35; HRESIMS m/z 567.4754 [M+Na]+  (C36H64O3Na requires 567.4748). 
8.5.2.14. Physical data for compound CH-14 
Ent-kaurane-16β,17-diol (CH-14): white solid; (36 mg); IR νmax (NaCl) cm-1 3251, 2925, 2864, 
1450; 1H, 13C NMR and 2D NMR data are given in Table 36; GCMS tR=28.5 min. m/z (EI) 
306 (M+, 1%), 288 ([M-H2O]
+, 4%), 273 ([M-H2O-CH3]
+, 100%), 257 (48%), 123 (37%). 
8.5.2.15. Physical data for compound CH-15a 
Ent-3α,18-cyclokaurane-16β,17-diol (CH-15a): white solid; (36 mg); IR νmax (NaCl) cm-1 
3251, 2925, 2864, 1450; 1H, 13C NMR and 2D NMR data are given in Table 37; HRESIMS 
m/z 327.2293 [M+Na]+ (C20H32O2Na requires 327.2295). 
8.5.2.16. Physical data for compound CH-16 
Ent-17-acetoxykauran-16β-ol (CH-16): white solid; (21 mg); IR νmax (NaCl) cm-1 3428, 2921, 
2861, 1715, 1435, 1041, 1028; 1H, 13C NMR and 2D NMR data are given in Table 38; 
HRESIMS m/z 371.2554 [M+Na]+  (C22H36O3Na requires 371.2557). 
8.5.2.17. Physical data for compound CH-17a 
Ent-17-acetoxy-3α,18-cyclokauran-16β-ol (CH-17a): white solid; (21 mg); IR νmax (NaCl) cm-
1 3428, 2921, 2861, 1715, 1435, 1041, 1028; 1H, 13C NMR and 2D NMR data are given in 
Table 39; HRESIMS m/z 369.2408 [M+Na]+  (C22H34O3Na requires 369.2400) 
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8.5.2.18. Physical data for compound CH-18 
Ent-8(17),12(E),14-labdatrien-18-oic acid (CH-18): white solid; (4 mg) [α]22
D
  -55.4 (c 1.00, 
CH2Cl2); IR νmax (NaCl) cm-1 3410, 3056, 2931, 2869, 2850, 1695, 1266, 738; 1H, 13C NMR 
and 2D NMR data are given in Table 40; GCMS tR=25.9 min. m/z (EI) 302 (M
+, 13%), 287 
([M-CH3]
+, 11%), 273 (22%), 175 (35%), 121 (60%), 95 (100%), 81 (80%). 
8.5.2.19. Physical data for compound CH-19 
Dimethyl ent-15,16-epoxy-6β-hydroxy-1,3,13(16),14-clerodatetraen-20,12S-olide-18,19-
dioate (CH-19): yellow solid; (19 mg) [α]22
D
  -50.5 (c 0.97, CH2Cl2); IR νmax (NaCl) cm-1 3445, 
3058, 2932, 2851, 1767, 1731, 1611; ECD (CH3CN) λ (Δε) 290 nm (-69.4), 230 nm (-8.9); 1H, 
13C NMR and 2D NMR data are given in Table 41; HRESIMS m/z 417.1556 [M+H]+  
(C22H24O8 + H, requires 417.1549). 
8.5.2.20. Physical data for compound CH-20 
12-Epi-saniolide (CH-20): yellow solid; (11 mg) [α]22
D
  -70.5 (c 1.00, CH2Cl2); IR νmax (NaCl) 
cm-1 3444, 3059, 2931, 2851, 1766, 1732, 1611, 736; 1H, 13C NMR and 2D NMR data are given 
in Table 42; HRESIMS m/z 417.1546 [M+H]+  (C22H24O8 + H, requires 417.1549). 
8.5.2.21. Physical data for compound CH-21 
Methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-18,6R:20,12S-diolide-19-oate (CH-21): 
yellow solid; (9 mg) [α]22
D
  -128.5 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 3452, 3060, 2933, 2851, 
1760, 1732, 1669; ECD (CH3CN) λ (Δε) 290 nm (-20.3), 240 nm (+7.2), 197 nm (-18); 1H, 13C 
NMR and 2D NMR data are given in Table 43; HRESIMS m/z 385.1287 [M+H]+ (C21H21O7 
requires 385.1282). 
8.5.2.22. Physical data for compound CH-22 
Trans-phytol (CH-22): white oil; (6 mg) [α]22
D
 -77.9 (c 0.89, CH2Cl2); IR (NaCl) νmax (cm-1): 
3322, 2918, 2849, 1462; 1H, 13C NMR and 2D NMR data are given in Table 44; GCMS [M]+ 
at m/z 296.1 (C20H40O). 
8.5.2.23. Physical data for compound CH-23 
(S)-Curcumene (CH-23): white oil; (7 mg) [α]22
D
 -63.5 (c 0.89, CH2Cl2); 
1H and 13C NMR data 
are given in Table 45; GCMS [M]+ at m/z 202.2 (C15H22). 
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8.5.2.24. Physical data for compound CH-24 
(-)-Caryophyllene oxide (CH-24): yellow solid; (103 mg) [α]22
D
 -19.7 (c 0.50, CH2Cl2); IR 
(NaCl) νmax (cm-1): 2927, 2858, 1631, 1454, 841; 1H and 13C NMR data are given in Table 46; 
GCMS [M]+ ion m/z 220.2 (C15H24O). 
8.5.2.25. Physical data for compound CH-25 
7β-Hydroxystigmast-4-en-3-one (CH-25): white solid; (12 mg) [α]22
D
 -43.0 (c 1.00, CH2Cl2); IR 
(NaCl) νmax (cm-1): 3422, 3054, 2937, 2871, 1734, 1664, 1463, 739; 1H and 13C NMR data are 
given in Table 47; GCMS [M]+ at m/z 428 (C29H48O2). 
8.5.2.26. Physical data for compound CH-26 
4-Hydroxy-3,5-dimethoxybenzaldehyde (CH-26): yellow solid; (7 mg) IR (NaCl) νmax (cm-1): 
3425, 3057, 2928, 2850, 1721, 1682; 1H and 13C NMR data are given in Table 48; GCMS [M]+ 
at m/z 182.1 (C9H10O4). 
8.5.2.27. Physical data for compound CH-27 
Phaeophytin-b (CH-27): dark green solid; (11 mg) IR (NaCl) νmax (cm-1): 3398, 2926, 2851, 
1738, 1705; 1H, 13C NMR and 2D NMR data are given in Table 49. 
8.5.2.28. Physical data for compound CH-28 
Crotocorylifuran (CH-28): yellow solid; (7 mg) [α]19
D
 -44.9 (c 0.65, CH2Cl2); IR (NaCl) νmax 
(cm-1): 3053, 2953, 2875, 1766, 1715, 1435, 1261; 1H and 13C NMR data are given in Table 
50; GCMS [M]+ at m/z 402.1 (C22H26O7). 
8.5.2.29. Physical data for compound CH-29 
Ent-isopimara-8(14),15-dien-18-al (CH-29): white solid; (8 mg) [α]19
D
 -32.6 (c 1.00, CH2Cl2); 
IR (NaCl) νmax (cm-1): 2929, 2856, 1723, 1266; 1H, 13C NMR and 2D NMR data are given in 
Table 51; HRESIMS m/z 287.2377 [M+H]+  (C20H30O + H, requires 287.2375) 
8.5.2.30. Physical data for compound CH-30 
Ent-18-hydroxyisopimara-8(14),15-dien-7-one (CH-30): white solid; (2 mg) [α]19
D
 -61.8 (c 
0.11, CH2Cl2); IR (NaCl) νmax (cm-1): 3418, 2919, 2850, 1674; 1H and 13C NMR data are given 
in Table 52; HRESIMS m/z 303.2323 [M+H]+  (C20H30O2 + H, requires 303.2324).  
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8.5.2.31. Physical data for compound CH-31 
Ent-isopimara-7,15-dien-18-oic acid (CH-31): yellow solid; (77 mg) [α]19
D
 -33.1 (c 0.75, 
CH2Cl2); IR (NaCl) νmax (cm-1): 3055, 2929, 2851, 1697; 1H, 13C NMR and 2D NMR data are 
given in Table 53; HRESIMS m/z 303.2328 [M+H]+  (C20H30O2 + H, requires 303.2324). 
8.5.2.32. Physical data for compound CH-32 
Methyl ent-isopimara-7,15-dien-18-oate (CH-32): colourless oil; (6 mg) [α]19
D
 -40.4 (c 1.00, 
CH2Cl2); IR (NaCl) νmax (cm-1): 3425, 2931, 2851, 1725; 1H, 13C NMR and 2D NMR data are 
given in Table 54; GCMS [M]+ at m/z 316.2 (C21H32O2). 
8.5.2.33. Physical data for compound CH-33 
Ent-isopimara-7,15-dien-18-ol (CH-33): white solid; (5 mg) [α]19
D
 -53.0 (c 1.00, CH2Cl2); IR 
(NaCl) νmax (cm-1): 3418, 3081, 2930, 2870; 1H, 13C NMR and 2D NMR data are given in Table 
55; HRESIMS m/z 287.2374 [M-H]-  (C20H32O - H, requires 287.2375).  
8.5.2.34. Physical data for compound CH-34 
Ent-isopimara-8,15-dien-7-oxo-18-oic acid (CH-34): yellow solid; (7 mg) [α]19
D
 -46.0 (c 1.00, 
CH2Cl2); IR (NaCl) νmax (cm-1): 3418, 3080, 2930, 2870, 1716, 1660, 1614; 1H, 13C NMR and 
2D NMR data are given in Table 56; HRESIMS m/z 315.1983 [M-H]-  (C20H28O3 - H, requires 
315.1960). 
8.5.2.35. Physical data for compound CH-35 
Lup-20(29)-en-3β-ol (CH-35): white solid; (5 mg) [α]19
D
 -22.8 (c 0.50, CH2Cl2); IR (NaCl) νmax 
(cm-1): 3416, 3055, 2940, 2870, 1674; 1H and 13C NMR data are given in Table 57; GCMS 
[M]+ at m/z 426.2 (C30H50O). 
8.5.2.36. Physical data for compound CH-36 
Lupenone (CH-36): white solid; (3 mg) [α]19
D
 -56.0 (c 0.80, CH2Cl2); IR (NaCl) νmax (cm-1): 
2940, 2869, 1705; 1H and 13C NMR data are given in Table 57; GCMS [M]+ at m/z 424.4 
(C30H48O). 
8.5.2.37. Physical data for compound CH-37 
Octyl trans-ferulate (CH-37): white oil; (4 mg) 1H and 13C NMR data are given in Table 58. 
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8.5.3. Constituents of Croton dictyophlebodes 
8.5.3.1. Physical data for compound CD-1 
Methyl ent-15,16-epoxy-1,3,13(16),14-clerodatetraen-17,12R-olide-18-oate (CD-1): white 
solid; (30 mg) [α]22
D
  -40.7 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 3426, 2951, 2876, 1732, 1715, 
1248; 1H, 13C NMR and 2D NMR data are given in Table 60; HRESIMS m/z  357.1335 [M+H]+  
(C21H24O5 + H, requires 357.1702). 
8.5.3.2. Physical data for compound CD-2 
Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20-al (CD-2): white solid; (200 mg) [α]22
D
  -70 
(c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 2928, 2856, 1694, 1468, 1264, 1158; 1H, 13C NMR and 
2D NMR data are given in Table 61; HRESIMS m/z 317.2115 [M+H]+ (C20H28O3 + H, requires 
317.2117). 
8.5.3.3. Physical data for compound CD-3 
Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-19,20-dioic acid (CD-3): white solid; (108 
mg) [α]22
D
  -95 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 3444, 3058, 2929, 2858, 1794, 1714, 1267, 
1160; 1H, 13C NMR and 2D NMR data are given in Table 62; HRESIMS m/z 363.1809 [M+H]+  
(C20H26O6 + H, requires 363.1723). 
8.5.3.4. Physical data for compound CD-4 
Ent-3α,4α:15,16-diepoxycleroda-13(16),14-dien-20,19-olide (CD-4): white solid; (25 mg) 
[α]22
D
  -60.5 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 2930, 2858, 1716, 1454, 1158; 1H, 13C NMR 
and 2D NMR data are given in Table 63; HRESIMS m/z 331.1913 [M+H]+ (C20H26O4 + H, 
requires 331.1909). 
8.5.3.5. Physical data for compound CD-5 
Methyl ent-3α,4α:15,16- diepoxycleroda-13(16),14-dien-20,12S-olide-19-oate (CD-5): white 
solid; (41 mg) [α]23
D
 -50.6 (c 1.00, CH2Cl2); IR νmax (NaCl) cm-1 3444, 2923, 2853, 1760, 1715, 
1451, 1240, 1158; 1H, 13C NMR and 2D NMR data are given in Table 64; HRESIMS m/z  
397.1614 [M+Na]+  (C21H21O6Na requires 397.1622). 
8.5.3.6. Physical data for compound CD-6 
Methyl ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oate (CD-6): white solid; (5 mg) 
[α]25
D
 -68.9 (c 1.00, CHCl3); IR νmax (NaCl) cm-1 3418, 2956, 1713, 1667, 1434, 1251, 738; 1H, 
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13C NMR and 2D NMR data are given in Table 65; HRESIMS m/z 362.2322 [M+NH4]
+  
(C21H32O4N requires 362.2326). 
8.5.3.7. Physical data for compound CD-7 
Ent-15,16-epoxycleroda-3,13(16),14-trien-12-oxo-18-oic acid (CD-7): white solid; (6 mg) 
[α]25
D
 -20.1 (c 1.00, CHCl3); IR νmax (NaCl) cm-1 3426, 3056, 2924, 1715, 1682, 1455, 1266, 
736; 1H, 13C NMR and 2D NMR data are given in Table 66; HRESIMS m/z 353.1728 [M+Na]+  
(C20H26O4Na requires 353.1723). 
8.5.3.8. Physical data for compound CD-8 
Ent-15,16-epoxycleroda-1,3,13(16),14-tetraen-12-oxo-18-oic acid (CD-8): white solid; (10 
mg) [α]23
D
 -76.0 (c 1.10, CHCl3); IR νmax (NaCl) cm-1 3418, 3053, 2923, 2853, 1714, 1463, 1266, 
738; 1H, 13C NMR and 2D NMR data are given in Table 67; HRESIMS m/z 351.1578 [M+Na]+  
(C20H24O4Na requires 351.1567). 
8.5.3.9. Physical data for compound CD-9 
Ent-trachylobane-2α,19-diol (CD-9): white solid; (9 mg) [α]25
D
 -33.8 (c 1.00, CHCl3); IR νmax 
(NaCl) cm-1 3346, 2918, 2852, 1268, 738; 1H, 13C NMR and 2D NMR data are given in Table 
68; HRESIMS m/z 303.2329 [M-H]- (C20H29O2 – H, requires 303.2330). 
8.5.3.10. Physical data for compound CD-10 
Ent-trachylobane-18,19-diol (CD-10): white solid; (3 mg) [α]25
D
 -44.0 (c 1.00, CHCl3); IR νmax 
(NaCl) cm-1 3376, 2922, 2853, 1028; 1H and 13C NMR data are given in Table 69; GCMS [M]+ 
at m/z 304.2 (C20H32O2). 
8.5.3.11. Physical data for compound CD-11 
Ent-kaur-16-en-19-oic acid (CD-11): white solid; (3 mg) [α]22
D
 -80.7 (c 0.77, CHCl3); IR (NaCl) 
νmax (cm-1): 3400, 2929, 2852, 1697; 1H and 13C NMR data are given in Table 70; GCMS [M]+ 
at m/z 302.2 (C20H30O2). 
8.5.3.12. Physical data for compound CD-12 
Acetyl aleuritolic acid (CD-12): white crystalline solid; (40 mg) 1H and 13C NMR data are 
given in Table 71. 
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8.5.3.13. Physical data for compound CD-13 
2-Methoxybenzyl benzoate (CD-13): white amorphous powder; (3 mg) IR (NaCl) νmax (cm-1): 
2925, 2852, 1723; 1H and 13C NMR data are given in Table 72; GCMS [M]+ at m/z 242.2 
(C15H14O3).
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Croton mubango
900 g
CH2Cl2 Crude Extract 
45 g
Flash 
chromatography
57-58
LC-Silica
96%D: 4%EA
F 14-21
SC-Sephadex
F 24-27
CM-2
7 mg
SC-Silica
96%D: 4%EA
F 8
CM-3
4 mg
F 24-28
SC-Sephadex
F 21
CM-12
4 mg
Acetylation
SC-Silica
96%D: 4%EA
F 4-5
CM-13
2 mg
F 116-118
LC-Silica 
80%D: 20%EA
F 35-55
SC-Silica 
70%D: 30%EA
F 11
CM-4
1 mg
F 71-80
SC-Sephadex
F 9-14
SC-Silica
70%D: 30%EA
F 26
CM-5
4 mg
F 55-56
LC-Silica 
96%D: 4%EA
F 31-38
CM-6
2 mg
F 43-47
CM-10
2 mg
F 71-72
LC-Silica
90%D: 10%EA
F 20-32
CM-20
20 mg
F 86-90
CM-11
3 mg
LC – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
F – Fraction 
CM – Croton mubango 
Scheme 15: Extraction procedure for Croton mubango leaves (CH2Cl2 extract) showing isolation of compounds 
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Croton mubango
900 g
CH2Cl2 Crude extract
45 g
Flash chromatography
F 45-47
C-Silica
100%D
F 9-12
SC-Sephadex
50%D: 50%M
F 6-8
CM-7
6 mg
F 19
CM-15
3 mg
F 24-30
SC Sephadex 50%D: 
50%M
F 7-13
CM-19
5 mg
F 39
SC-Silica
100%D
F 28-30
CM-17
3 mg
F 52-54
C-Silica
96%D: 4%EA
F 29-30
CM-14
4 mg
F 37-39
CM-16
8 mg
F 42
SC-Silica
100%D
F 17
CM-1
9 mg
F 49-51
SC-Silica
100%D
F 17
CM-18
6 mg
F 59
C-Silica
96%D: 4%DE
F 11-12
CM-21
Sitosterone
11 mg
F 20-22
CM-22
Sitosterol
15 mg
F 37-45
CM-8
4 mg
Acetylation
SC-Silica
96%D: 4%DE
F 4
CM-9
2 mg
LC – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
DE – Diethyl ether 
F – Fraction 
CM – Croton mubango 
Scheme 16: Extraction procedure for Croton mubango leaves (CH2Cl2 extract) showing isolation of compounds 
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Scheme 17: Extraction procedure for Croton haumanianus leaves (CH2Cl2 extract) showing isolation of compounds 
Croton 
haumanianus 
leaves 1 kg
CH2Cl2 crude 
extract 50 g
Flash 
chromatography
F 6
SC-Sephadex
50%D: 50%M
F 8
CH-1
22 mg
F 41
CH-2
138 mg
F 95-96
SC-Silica
F 59
CH-3
5 mg
F 98-99
C-Silica
F 19
CH-20
11mg
F 41
CH-4
4 mg
F 25
CH-5
119 mg
F 57-59
SC-Silica
F 21
CH-6
50 mg
F 54-56
C-Silica
F 17-26
SC-Silica
F 20
CH-7
6 mg
C – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
F – Fraction 
CH – Croton haumanianus 
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Scheme 18: Extraction procedure for Croton haumanianus leaves (CH2Cl2 extract) showing isolation of compounds
Croton 
haumanianus 
leaves 1 kg
CH2Cl2 crude 
extract 50 g
Flash 
chromatography
F 29
CH-8
31 mg
F 69-71
C-Silica
F 10-11
SC-Sephadex
50%M: 50%D
F 7-12
CH-12
3 mg
F 16
CH-9
6 mg
F 60-62
C-Silica
F 3
CH-27
11 mg
F 8
CH-21
9 mg
F 15
CH-10
25 mg
F 21-26
CH-26
7 mg
F 45-46
C-Silica
F 3-12
SC-Sephadex
50%M: 50%D
F 9
CH-13
17 mg
F 38-40
CH-18
4 mg
F 194
CH-11
20 mg
C – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
F – Fraction 
CH – Croton haumanianus 
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Scheme 19: Extraction procedure for Croton haumanianus leaves (CH2Cl2 extract) showing isolation of 
compounds
Croton 
haumanianus 
leaves 1 kg
CH2Cl2 crude 
extract 50 g
Flash 
chromatography
F 108-123
C-Silica
F 95-120
C-Sephadex
50%M: 50%D
F 16
CH-14-15b
36 mg
Acetylation
SC-Silica
96%D: 4%EA
F 17
CH-16-17b
21 mg
F 102-103
C-Silica
F 34
CH-19
9 mg
F 40-42
CH-25
12 mg
F 36
CH-22
6 mg
F 9
SC-Sephadex
50%D: 50%M
F 3
CH-23
7 mg
F 33
CH-24
103 mg
C – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
F – Fraction 
CH – Croton haumanianus 
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Croton 
haumanianus 
stem bark 800 g
CH2Cl2 crude 
extract 46 g
Flash 
chromatography
F 61-69
C-Silica
F 16-23
SC-Sephadex
F 9
CH-28
7 mg
F 22
SC-Silica
F 22
CH-29
8 mg
F 99
C-Silica
F 20-29
SC-Silica
F 32-35
CH-30
2 mg
F 55-60
CH-34
7 mg
F 24
CH-31
77 mg
F 25
SC-Silica
F 36-50
Methylation
CH-32
5 mg
F 34-39
C-Silica
F 21-22
CH-36
3 mg
F 24-26
CH-37
4 mg
F 43
SC-Silica
F 32
CH-33
5 mg
F 44-57
CH-35
5 mg
Scheme 20: Extraction procedure for Croton haumanianus stem bark (CH2Cl2 extract) showing isolation of compounds 
C – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
D – CH2Cl2 
M – Methanol 
EA – Ethyl acetate 
F – Fraction 
CH – Croton haumanianus 
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Scheme 21: Extraction procedure for Croton dictyophlebodes stem bark (MeOH extract) showing isolation of compounds 
Croton dictyophlebodes
stem bark 1kg
MeOH crude 
extract 42 g
Flash chromatography
F 22
CD-12
40 mg
F 28
Linoleic acid
145 mg
F 45
CD-2
200 mg
F 47
CD-3
108 mg
F 51
SC-Silica
F8
CD-1
30 mg
F 54
CD-4
25 mg
F 68
CD-5
33 mg
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
MeOH – Methanol 
F – Fraction 
CD – Croton dictyophlebodes 
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Croton dictyophlebodes
root 1.5 kg
MeOH crude 
extract 15 g
Flash chromatography
F 43
C-Silica
F 14
CD-13
3 mg
F 29
CD-6
5 mg
F 70
CD-11
3 mg
F 49
C-Silica
F 22-25
CD-7
6 mg
F 34
CD-8
10 mg
F 55
SC-Silica
F 18
CD-10
3 mg
F 66
CD-9
9 mg
F 68
CD-5
8 mg
C – Large column, 3 cm diameter, 2 mL fractions collected 
SC – Small column, 1 cm diameter, 2 mL fractions 
collected 
MeOH – Methanol 
F – Fraction 
CD – Croton dictyophlebodes 
Scheme 22: Extraction procedure for Croton dictyophlebodes root (MeOH extract) showing isolation of compounds 
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